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AN ENERGY CONSERVATION STUDY
FOR THE US AII!rORCE ACADEMY*

by

John L. Peterson and L. Brooke Davis

Solar Erlergy Group (Q-n), MS K571
Los Alamos Ndtional Laboratory

Los Alamos, NM 87545

ABSTI??,CT

The United States Air Force Academy (AFA) has asked the
Los Alamos National Laboratory to assist them in conducting detailed
energy and solar analyses of selected AFA buildings using the DOE-2
building energy analysis computer program. This report presents the
results of the energy conservation study conducted by Los Alamos in.-
FY 1981 and 1982 for Building 2360 (Vandenberg Hall), Bl!ilding2169
(Field House), and Building 2410 (Aeronautics Laboratory).

Energy Conservation and Solar Opportunities (ECOS) are identi-
fied for each building and predicted heating, cooling and electric
energy savings are presented for each ECO. Economic results are
summarized as annual dollars saved, discounted benefit-to-cost ratio,
maximuri)investment targets, and the life-cycle cost of implementing
each ECO.

1. INTRODUCTION

The United States Air Force Academy (AFA) at Colorado Springs, Colorddo,

has for several years been implementing an intensive energy management program

for its facilities.

An nnergy conservation study has been conducted by the Los Alamos

National Laboratory for the United States Air Force on three buildings located

at the Air Force Academy: Building 2360 {Vandenberg Hall), Building 2169

(Field IIOUSC), and Iluilding 2410 (Aeronautics Laboratory). The approach in-

cluded a survey of each building to evaluate the energy use of each by per-

forming a cofr+;chensive energy analysis usinq the DOE-2 computer program. The

intent of this rtudy was to idt+ntifyenergy corlservation opportunities (ECOS)

~~-~~--~-r~—~~<-;~~~~~r-~~ under the auspicus of the Department of Engi~eering/
Energy Mwmgcmwit, United States Air Force Academy.
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that were cost effective irlterms of Departrncnt of Def(?nse (DOD) e:onomic

criteria for Energy Conservation Investment Program (ECIP) projects. The

results of this study are presented in d series of recommendations 10 thi~.

report.

II. M~THfjf)OLOGy

The energy surveys were based on a detailed review of as-built drawings,

on-site verification, and on-site discussions with building managers and op~r-

ating personnel. Data were collected regarding the number of people occupying

the buildings. operating schedules, and the energy loads imposed by equipment

and lights. Heating, ventilating, and air-conditioning (HVAC) and physical

plant equipment and operating practices were also investigated.

Input for the DOE-2.1A computer model of these buildings was based on

the results of these surveys. Preliminary ECOS were developed, computer simu-
-. lations were performd, and the results for each ECO were compared against

those obtained from a simulation of the existing building (base line energy

cons’Jmption)o Those ECOS showing the greatest performance improvement at the

least potential cost were subjected to a final computer analysis evaluating

the effect of combining promising ECOS. The energy savings reported within

the Recommendations, Sec. IV, reflect the incremental energy saved when com-

bi,ing alternative ECOS.

The basis for funding requests by the Air Force Academy for each ECO was

established by the ECIP criteria that

1. all projects amortize within their ecoromic life, and

2. all projects produce an energy-to-cost ratio (E/C) of at least 15.

In our judgment, the cost of implementing each recommended ECO will be less

than the funds requested. Appendix A presents a detailed discussion of the

performance analysis of each building; a detailed economic analysis can be

found in Appendix B.

111, BUILDING DESCRIPTIONS

Vandenberg Hall is a 760,000 ft2 complex billeting 2,400 Air Force

cadets and providing laundry, storage, recreational, assembly, and shopping

facilities to the residents. The building is characterized by energy con-

serving architectural features such as insulated curtain walls, 10-in, concrete

floors and roofs with exterior insulation, and heat-absorbing, double-glazed,



o~erable windows. Like many other t?uilding~ of the Academy, V~ndenherq tlall

is supplied with hot water from d centrdl boiler Iltility through dn under-

ground tunnel distribution system. The I?irrh-temr)eraturewater from the utility

is converted withir:the building to medium- and 10h-tCMperdtUr~ :,ourcf?~ of

water serving tne HVAC and domestic hot water (DHW) systems, respect

With the exception of certain specialty areas within the building, a

tures are maintained at 65-F during the day and 55°F at night in the

hot water baseboard heaters. In the summer, Lhe tempering effect of

vely.

r tempera-

winter by

manually

operated drapes and windows couple with tilemassive concrete structure to

passively control the temperature swings within the living quarters. A Gnce-

through ventilation system is used to maintain air quality within the building

throughout the year.

The Field House is a two-story 246,000 fL2 high-bay building that en-

closes a basketb~ll stadium, an ice hockey arena, dnd a multipurpose/track

facility. Like Vandenberg Hall, this bui~ding is supplied with hot w~tei from

a central boiler utility dnd underground tunnel distribution system to heat

the buildirlg. Mechanical chilling is provided to produce ice for the ice

tlockey rink. The building is serviced by several ldrge air-handlin~ unitz in

each of the above thrf.e areas. These units function in a 100::recirculation

mode to maintain the building at 6[!9F. During sports events,

other activities in which there are a large number of people

the units operate in a 1002 ventilation mode in which outside

into the building to meet the increased interior load. Space

accomplished entirely through the use of mechanical ventilatit

concerts, or

n the building,

air is brmght

cooling is

n.

The Aeronautics Laboratory (Aero Lab) is a two-story building ftinction-

ally divided into classrooms, laboratories, offices, and test cells. The

building is an architecturally massive structure with an advantageous solar

orientation along a long east-west axis. However, the buildir]g has limited

potential as a solar heating retrofit project because of the large internal

loads generated within the structure. The flat roof is constructed of

built-up roofing on a 2-in. poured gypsum foundation. The exterior walls on

the upper floor are precast concrete panels covering a cinder block structure

whereas the lower floor walls are a combination of concrete block and poured

concrete with the north and west walls cmnpletely underground. The AeroLab

receives high–temperature hot water from the central boiler utility and con-

verts the w~ter to medium-temperature water for use in the building HVAC

3



system. Chilled water for space cooling is received from absorption chiller~

located in the basement of Fairchi?ci Hall, which is adjacent to the Aero Lab.

A central multizone system serves the entire upper floor area and most of the

lower floor. With the exception of the mechanical room and the te~t cellz,

air temperature is maintained at 68*F during the day and 60’F at night. A

four-pipe fan coil system is used to heat and cool the test-cell classrooms.

Unit heaters are used to heat those areas not conditioned by the multizone or

four-pipe fan coil systems; a thermostatically controlled ventilation fan

cools the mechanical room.

Iv. RECOMMENDATIONS

A. Building 2360, Vandenberg Hall

There are four reconwnendations for Vandenberg Hall that meet the FY-1984

ECIP guidance for cost effectiveness: ventilation air reductions, heat re-

,. covery, motor and fan efficiency improvements, and reinstatement of economizer

operation, Each is described below and the existing equipment that will be

affected by these recommendations is identified.

1. Reduce Building Ventilation Rates. Vandenberg Hall was designed in

1956 to meet all building codes in effect at that time; however, since 1956, a

significant amount of research has been conducted to determine the effect of

ventilation air an the health of building occupants. This research has led to

the lowering of minimum fresh air requirements for buildings in keeping with

more energy efficient design practice. The American Society of Heating,

Refrigerating, and Air-Conditioning Engineers (ASHRAE) surmnarizes the rec-

ommendations of their Society concerning the results of this rese~rch in the

nationally accepted ASHRAE Standard 62-73, “Standards for Natural and Mechani-

cal Ventilation.” It is proposed that the operation of the ventilation equip-

ment supporting Vandenberg Hall be modified in accordance with this standard.

The ventilation equipment that would be affected by this modification includes

the heating and ventilating units supplying fresh air to the building cor~’idors

(corridor fans) and the fms (toilet and storage area fans) exhausting dir

fran the shower, toilet, and storage areas of the building. The equipment

numbers are shown in Tables I and 11 under the heading, “Supporting Ventilation

Equipment.”



ASHRAE Standard 62-73 recommend~ that a minimum of 10 cfm and 15 cfm n:

fresh air be supplied to each person occupying the shower and toilet areas of

d military installation, resp~ctively. Assuming that all of the occu~antr of

the cadet facil;tie~ be located in these areas at any one :ime, th< Tinimum

ventilation rate can be calculated as follows:

(10 + 15) ~fm}person s 30,000 cfm.2400 people x -~

The corridor fans are installed to deliver 56,oOO cfm of fresh air to these

areas continuously, as well as 32,900 cfm to the storage areas of the building

through use of the building corridors as supply air plenums. Toilet fans are

instalied to exhaust 56,000 cfm of air from the shower and toilet areas con-

tinuously. We recomnend that delivery of 88,9oO cfm through these corridors

be reduced and that the air exhausted from the shower and toilet areas be

reduced to 33,000 cfm. The exhaust air reduction should Se accomplished, as

indicated in Table I, to maintain the building air balance. Reducing the air

exhausted Crom each individual shower and toilet area in proportion to the

total recommended reduction will provide the ventilation rates ~hown in

Table I.

Reductions in ventilation air continuously supplied to the storage areas

of Vandenberg Hall are also recommended. ASHRAE Standard 62-73 recommends a

minimum ventilation rate of 5 cfm per person in storage areds. Assuming that

only one person occupies every 200 ftz of storage floor area during duty

hours, the rate of fresh air recommended for each storage area is shown in

Table 11. The storage fans supporting these areas should exhauct air at the

rates indicated in Table II. Note that the recommended ventilaticw rate of

1,252 cfm for all of these areas is considerably less than the 32,900 cfm

currently exhausted. Because the supply of fresh air to the storage areas is

also provided by the corridor 7ans, a t6tal reduction from the 88,900 cfm

currently supplied to 31,252 cfm is recommended to m~intain the building air

balance.

Other areas of Vandenberg Hall were investigated for potential reduc-

tions in the rate of fresh air delivery. The truck dork, fireplace, lyceum,

forge, and paint spray booth are ventilated by fans that are infrequently

used, so they were excluded as potential candidates. Likewise, the electrical

5



SHOWER AND TOILET

Building
Location

First Floor, Unit 3

Second Floor, Unit 1

Second Floor, Unit 2

Second Floor, Unit 3

Third Floor, Unit 1

Third Floor, Unit 2

Third Floor, Unit 3

Fifth Floor, Unit.1

Fifth Floor, Unit 2

Fifth Floor, Unit 3

Sixth Floor, Unit 1

Sixth Floor. Unit 2

Sixth Floor, Unit 3

Total

Design
Ventilation

Air

J&@_

1,560

5,880

3,920

3,740

5,880

3,920

3,740

5,860

3,900

3,920

5,860

3,900

3,920

56,000

Reconrnendcd
Ventilation

Air
(cfm)

836

3,150

2,100

2,004

3,150

2,100

2,004

3,139

2,089

2,100

3,139

2,089

2,100

30,000

Supporting(a)
Ventilation
Equipment

HV 3 and 4; EX-19

HV 42, 43, 54, 55;
EX-1 thru 4, 6 and
7, 9 thru 16

HV 44, thru 53
Ex-1 thru 4.
6 and 7, 9 ~hru 16

4

aRefer to equipment numbers on building drawings.
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Building
Location

First Floor, Unit 3

Second Floor, Unit 1

Second Floor, Unit 2

Second Floor, Unit 3

Third Floor, Unit 1

Third Floor, Unit 2

Third Floor, Unit 3

TABLE 11

STORAGE VE?ITILAT!ON REC13!’lM:riDATIONS

Floor
Area

(ft2)

17,064

6,440

5,940

7,200

6,440

5,840

1,232

Recommended
Ventilation

Air
(cfm)

427

161

140

180

161

146

31

Suppartioga
Ventilation
EauiDment

!iV 3, 4; EX-19

liv42, 4?,
s-l,55; :X-20

HV 42, 43,
54, 55; E%-21

HV 42, 43
54, 55; EX-22

HV 42, 43,
54, 55: EX-20

HV 42, 43,
54, 55; EX-21

HV 42, 43,
54, 55; EX-22

Total 50,056 1.252

aRefer to equipment numbers on building drawings.

substation and utility tunnel areas ar~ unconditioned spaces, so modifica-

tions to the fans ventilating these areas would not realize significant energy

savings. All of the remaining areas require only 19,560 cfm of fresh air

delivery by other ventilating fans, so they were dismissed as marginal

candidates.

The implementation of this recommendation is calculated with DOE-2.1A to

save 13,287 x 106 Btu of primary energy annually at the source.

2. Waste Heat Recovery. The potential for reclaiming waste heat cur-

rently exhausted to the environment is large for Vandenberg Hall. Conserva-

tively assuming that Reconmnendation 1 is adopted, even after significant

7



reductions in ventilation air rate~. some 50,U12 ft3 of he~terl air will be

exhausted each minute frcm this building. This equates to a con~urnptior]of

1 on ~ 50,81? cftn 24 h
. x 0.7

Y. 8023”F-day x — .
. day

11,6’.2 x 106* Btu

of fuel annually at the centi”al boiler plant. Thus, we reccmnend that either

one of two approaches or a combination of both approaches be used to reclaim

waste heat: waste heat recovery fran the ventilation air exhaust, afi~/orheat

recovery from the utility tunnel system.

The recovery of heat from air exhausted from the building can be accom-

plished by constructing a closed run-around heat recovery loop with heat ex-

change coils loc~ted in the supply and return ventilation system ductwork.

Heat recovered from the exhaust air would be used to preheat the building’s

out:!de air supply. We proposed such a system for the Sigma Building at

Los Alamos National Laboratory and a copy of the conceptual scheme is shown in

Fig. 1. The equipment affected would be the same as shcwn in Table I and

Table II plus fans HV-1, 2, 6, 7, 8, and EX-5, 8, 17, 26, 32, 33, and 24.

The second heat recove:y option would involve r~claiming waste heat from

the utility tunnels serving the Air Force Academy. We estimat~ that 300 Fltu/h

of heat can be recovered for each linear foot of utility tunnel. This assumes

that two (supply and return) 6-in.-diam pipes with i l/2-in. of insulation

transmit 350”F water through the tunnels. Thus, it would require nearly 3100

linear feet of tunnel to offset the ventilation heat loss~s of this building.

This Is determined as follows:

( )( -11,612 X 106~x 0.7 / 300 ;t;t X 8760 h
jiF ) M 3093 linear feet.yr

-.

*In the above calculation, the combine{l boiler plfint and hot water distribution
systelliis assumed to be 701 efficient and the f+ Lor 1.3 is used to convert
the ventilation rate at 7100 i’tel~vation to stand~rd air rates at sea level.
The degree days shown are for a 70 F base temperature at CnloradG Springs,
Colorado. The temperature of the air supplied by the vcnti”iation equipment
is 70”F.
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Fig. 1. Heat recovery system far Sigma Building at LOS Alamos National Laboratory.



New fans, filterz, and distribution ductwork inducing utility tunnel :ir

will have to be inztalled to deliver the reclaimed waste heat to the ventila-

tion system. The ventilation equipment affected b-ythir,modification ii the

same as specified for the first option for heat recovery.

We suspect that a combination of bottlheat recovery options will yl~~ld

the most cost-effective solution. In any event, DOE-2.1A calculations indicate

the saving of primary energy (at the source) at 9,477 x 106 Btu annually.

This assumes option 1 is implemented with a heat recovery effectiveness of 75%.

3. Motor and Fan Efficiency Improvements. Many of the fans in

Vandenberg are extremely inefficient. For example, the corridor fan~ HV 45,

49, 50, 52, and 53 are calculated to be 18Z efficient as follows:

5800 cfm x 0.5 in. H20
Fan efficiency = 1 x = 18%

. 6356 cfmln. x 2.0
~

hp

..

The fan efficiencies of corridor fans range from 18 to 26?;and the exhaust fans

efficiencies range from 20 to 32%. Furthermore, none of the fans supporting

the cadet assembly areas (assembly fans) exceed 18X efficiency. Because cor-

ridor, toilet, and storage fans run continuously, a significant opportunity

exists to reduce fan power consumption. The assembly fans present a similar,

although scmewhat reduced, opportunity because they must operate continuously

during the winter to maintain thermal comfort and to prevent freezing in the

assembly rooms. We recomunend that the fans and fan motors supporting these

areas be replaced with new fans and motors. The equipment to be replaced

should include the assembly fans HV 10 through 39 as WC1l as the equipment

defined as being affected by Rcconwnendation 2. Assuming that Reconxnendations

1 and 2 are implemented and that the specified fan/motor efficiencies can be

doubled, DOE-2.1A calculations show the primary energy (at the utility) saving

at 4,711 x 106 13tuannually. Larger savings can be realized by farl/motor

replacement if the ventilation air reductions recommended previously are not

implemented.

4. Reinstatement of Economizer Operation. Maintenance personnel, in

the Interest of saving energy, have prograrrwnedthe fr(?sh air dampers of multi-

zone fans S-41 and EX-35 closed when the outdoor temperature drops below MI-F.

This is an inappropriate modification of the system that conditions the cadet

stu~e area in Vandenberg Hall. The cadet store area is characteristic of a

10



~pace that has large intern~l energy cources. This ~pac~ rl.’quir~:,only a

nominal amnunt of heat, hut murt be cooled ye~r-round. By programming the

fresh air dampers to close whrn the cultdoor tempcraturr drup~ below 6!)*F, the

zy~tem i~ incapable of providing frw ventilation coolinq llij~.ingthe winter.

All of the cooling must be accomplished by expen~ive mechanical cooling. We

recommend that the economizer cycle originally programed be reinstated to

provide ventilative cooling.

The implementation of this recorrnnendationis calculated by DOE-7.1A to
6save 350 x 10 Btu anrually at the (electric utility) qource, azsuming that

Recommendations 1, 2, and 3 have been previously adopted.

B. Building 2169, Field House

There is only one recomnendaticn for the Field House that meets the

FY 1984 ECIP guidance for funding: the pressurization of the building to

offsst infiltration losses.

An infiltration rate of 0.58* air changes/h is estimated for the Fi?ld

House. This equates to an infiltration rate of 109,166 cfm for a building vol-

ume of 11,293,128 ft3. If the building could be pressurized with 66,000 cfm

of 70”F air drawn throug+ the adjacent high-temperature (350”F) hot water

utility tunnel such that 60~;of the infiltration was eliminated. the consump-

tion of

~ 08 ~ 6ii,000 cfm
. x 8023”F-day x $& . 15,083 x 106 Btu. x 0./

of fuel anwally at the central boiler plant could be avoided. Thus, we rec-

cmwnend that waste heat recovery from the utility tunnel system be implernente(.

The recovery of 10,558 x 106 Btu (that is, 15,083 x 106 x 0.7) of waste

heat from the utility tunnel distribution system would require approximately

4000 linear feet of tunnel. This assumes a 350”F water temperature, two

6-in.-diam pipes per utility tunnel, 1-1/2 in. of insulation on the pipes and

a maximum of 7.5 mph ~f air flowing through tunnels. Subsequent to this

study, the Air Force Academy completed a retrofit project to install an addi-

tional 2 in. of fiber glass insulation on the hot water utility pipes within

*The estinnte of infiltration was m~de after discussions with Joseph Ashley
of the US Naval Civil Engineering Research Laboratory. He has been under
contract (MIPRN-81-6 with Tyndall AFB) to perform tracer gas infiltration
tests of large ,]irplanc hangers.

11



the tunnel adjacent to the Field House. The reduced heat loss available for

re~overy increases the length of tunnel required to 13,400 ?inear t~et.

The reconmnendedECO r~trofit involves the installation of heat recovery

equipment including fans, ductwork, and necessary equipment tr allow the

isting air-handling equipment in each of the three large area~ of

to distribute this preheated air. A table of the major air-handl

in each area is provided in Table III.

TABLE 111

MAJOR AIR-HANDLING EQUIPMENT

Px-

the bulding

ng equpment

Floor Area volume Major Supporting

Buildinq Zone ,- (fts) Ventilation Equipment

Basketball Stadium 47,124 2,780,316 AH-1 throu hAH-8, AH-10-,.
AH-36, EF-7 through EF-5

Ice Hockey Arena 47,124 2,780,316 AH-11 through AH-18
EF-6 through EF-9

Multipurpose/Tr~ck 74,579 5.667,980 AH-2CI through AH-31
EF-10 through EF-13

00E-2.lA calculations show the saving of primary energy (at the source)

at 10,543 x 106 Btu annually, assuming that the space is mairltained at the

current setting of 68”F. A no-cost option of lowering this ~etpoint to 65-F

would reduce this savings slightly.

c. Building 2410, Aeronautics Laboratory

There are three recommendations for theAero Lab that meet the FY-1984

ECIP guidance for cost effectiveness: seasonal heating and cooling, revised

control of the central multizone system, and evaporative cooling. Each is

described below.

1~Seasonal Heatinq and Coolinq. The heating and cooling systems for

this bui iding were designed to be available on an annual basis. However,

DOE-2.1A simul~tions show that heating and cooling need only be provided

seasonally and never simultaneously, We reconmwnd that the hcatinq system be

shut down and that cooling be provided only during the surmncr.

Ii?



Thif, could be accomplished bj’turning on or off the hot water IIIImp:,p-l

and P-2 with a ~ign~l from allinstrument sensing outdoor tempet-~turp. Thr

zame zignal coiild he U:,PCIto prohibit or p~rmit tht’clrlivc!.yOg rhill~r!w(]ter

from Feirchilu ildll.

DOE-2.1A calculations show the saving of 302 x 106 lltuof primary

energy annually for the implementation of this strategy.

2. Demand Control. The central multizone system S1 maintains comfort

in supported zones of the bllilding by automatically modulating the mix of hot

and cold air supplied through damper activity. Hot air is supplied ~t 100”F

and mixed with cold air at 64”F. Revising the control of such ~ystems to

adjust the temperature of hot and cold deck coils usually results in substan-

tial energy savings. The temperature adjustment is done by a cunparing the

demand for cooling or heating in each of the zones of the system. The tempera-

ture of the hot deck is adjusted to just meet the requirements of the coldest

zone and the cold deck is adjusted to meet the requirements of the warmest

zone. We recormnend that a canparitor microprocessor be installed to perform

this control.

Implementation would require the installation of a comparator micro-

processor and two linear thermostats. Signals from the room ther!nostdts are

already transmitted to the Mechanical Room for use in moddlatinq zone dampers.

Fig. 2 shows a possible interf~ce with existing controls.

DOE-2.1A calculations show a saving of 272 x 1(’)6lltuof primary energy

annudlly. This ~ssumes that Option 1 almvc has hem previously implemrnterl.

3. Evaporative Coolin~. This opportunity involves the inst~llation of

an evaporative cooler in the Subsonic Wind Tunnel Room, and the a(iditionof an

air washer to the central multizone system S1. This opportunity presumes that

the Subsonic Wind Tunnel room will no longer he served b,ysystem S1 hnca(ts~

system S1 does not have sufficient capacity to condition this space, An in-

(icpendently controlled and evaporatively coolud ventilation unit is rmommendcd

to maintdin the comfort conditions in thir.zpace, Currently, classroom ~xpcri-

mcnts must he turned off occasionally hccdusc of a severe ovcrhc~ting problem.

The implerncntatio:lof this scheme will redlize primary energy savings

(calc~]latd by 1’)OE-2.lA) of 7135F 106 l’ltu~nnually, asturning that Options 1

aridi?dhove have hccn previously in’plcm[!ntwi. We rwoowm!rlriirlst[lllation of

both a 35,000 cfm c~aporative cooler and an airwash ~pray smystcm fnr t4e

central mult17nne system S1.
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for the three buildings studied. The funds (prograrrrrredamount) requested for

the implementation of the recorrnnendationsof this study are $1,947,700 for

Vandc~berg Hall to save 27,825 x 106 Btu’s; $795,214 for the Field House to

save 10,543 x 106 Btu’s; and $102,504 for the Aero Lab to save 1,359 v 106

Btu’s. These investments are life-cycle cost effective in accord~nce with

established Department of Defense fCIP economic criteria. Although no solar

projects are recommended, we have determined the energy and cost savings

associated with the implementation of solar domestic hot water heating systems

for all three buildings and a rumber of solar space heating options for the

Aeron~utics Laboratory (see Appendixes A and B). None cf these solar projects
..

are deemed cost effective at current fuel prices.

No attempt was made to rank these reco,nnendations as t.otheir cost

effectiveness; ranking will be accomplished after a cost estimatz of each

recommend~tion has been prepared by the Air Force Academy. In our jucigmcnt,

the cost of implementing each recommended ECO will be less than the programmed

~mounts requested.
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TABi_Ely

SL-RY OF RECOF@KNOEOE~lP PROJECTS

Estimated
EnergyUse

op~jon (Btulftzlyr)

1. Vandenberg Hall,

baseline

1.

2.

3.

4.

Miniaize ventila-

tion rates

Run-armnd heat

recovery ccmbined
with option 2

[~rove fanlmotor
efficiencies c~ined
with options 2 and 3

Reinstate econo-
mizer c~ind with
options 2, 3, and 4

m

11. Field Hcuse,
baseline

1. lJtility tunnel

heat recovery

1:1. Aeronautics Labora-

tor~, adjusted
baseline

,.. seasonal heating
and cooling

2. ~~nd ~~ctrol
ccrnbinedwith
option 2

3. Evaporative c~ling
cunbined with
option 3

120,B31

103,350

90*B87

84,6B1

84,217

18B*261

145.432

462,846

450,826

440,000

408.756

s Energy
Reduction

—

15

25

30

30

—

.?3

.-

3

5

12

Estimated
Annual Savings

Sl,ooo 1068tu

--

160

274

284

284

--

130

--

3

7

15

--

13,287

?2,764

27,475

27,8?5

-.

10,543

--

302

574

1,35’4

105 Btu Saved

per S1OCX3
Invested

--

15.0

15.0

16.0

16.1

--

15.0

--

15.0

15.0

15.0

Max imum
Investment

(s)

--

1,001,360

1,715,586

1,935,966

1,947,720

Discounted

Benefit/

Cost Ratio

--

3.413

3.398

3.125

3.114

.-4,114

-4,117

-- -- .-

7’35,214 3.479 _l,’?71 ,126

-- --

22,7?8 2.059 - ?4

43,294 2.169 .51

102,504 3.162 ,~,~?



APPENDIX A

PERFORMANCE CALCULATIONS

1. BUILDING ENERGY ANP(.YS!5 COMPUTER PROGRAM

The source program for this energy study is the Department of Energy’s

DOE-2 computer program for energy analysis of buildings. The particular ver-

sion of DOE-2 used in this study 1s DOE-2.1A with modifications to incorporate

a special subroutine that permits the SYSTEMS program to model spray coils,

and another special subroutine that permits modeling of Trombe wallz. This

modified version of DOE-2.1A is operated through the Lcs Alamos National

Laboratory’s Central Computing Facility.

ing,

HVAC

main

The computer program calc~lates the hour-by-hour energy use of the build-

given information of the building’s location, construction, operation,

equipment, and primary energy conversion equipment. The program has four

cunputational sections: LOADS, SYSTEMS, PLANT, and ECONOMICS. The f“

three of these sections were used in this analysis. The economics were ca’

lated separately using Air Force economic parameters. These computational

sections are identified below, together with the major elements of ths bui

system that must be addressed in the energy st.uily.

1. LOADS: building envelope (exposed surfaces: that is, exterior

rst

cu-

ding

w~lls, roofs, slab floors, windows), and internal loads (people,

llghts, equipment, and infiltration).

2. SYSTEMS: HVAC systems (ventil~tion loads, fan electrical loads,

heating, and cooling loads).

3. PLANT : building central plant (heating and cooling equipment plus

related equipment loads; total energy use with breakdown by energy

cfitegory).

For all runs the Test Re:crence Year (TRY) v’~ather tape for Denver,

Colorado. was used instead of that for Colorado Springs because the latter was

founci :0 be incorrectly packed by the Control Data Corporation.

11. SI’LCIFICS CONCERNING INPUT DATA

A. Vandcnherg Hall

1. LOADS input. The building was divided into seven zones based on the

as-built drawing furnished hy the Air Force Academy. Ffgure A-1 is an

isometric view of Vandenberg Hall created by our DOE-2.1A version. Table A-I
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Space Name

56W

56E

23W

23E

23S

23N

4

Fig. A-1. Isometric view of Vandenberg Hall.

TABLE A-I

!.OADS ZONING

Location of Space Areas Simulated

Units 1 and 2 of 438 cadet rocmns,toilets, laundry,
5th and 6th floor corridor, storage, orderly room.

Unit 3 of 220 cadet rooms, toilets, laundr.v,
5th and 6th floor corridor.

Units 1 and 2 of 436 cadet rocms, toilets, laundry,
?nd a~d 3rd floor corridor, orderly room.

Unit 3 of 220 cadet rocnns, toilets, laundry,
21,dand 3rd f?oor corridor, orderly room, test cell.

1st through 3rd floor Mail, shops, storage, truck dock,
cadet store, custodian, display,
offices, Supply, lobby.

1st through 3rd floor Model engineering display, radio
club, chess, printing and finish-
ing studio, reading, assembly,
chapl ian, conference, magazines,
lyceum, hobby shop.

4th floor Assembly, s~curity flight, and IEO
administration.

18



show< the assl~?nment of space namf?s to physical area~ wit6in th~ hu:ldirl: ~nd.

Fig. A-? exhibits the architectural plan and elevation views of th~ hilild~n~.

The basement. which includes six MeChdniCdl rooms, pipin,q tunnelg, and elec-

trical u~it rub:ttations, war not simulated heCaU\e it i~ not condi!.ioned.

A series of LOADS secsit.ivity studies was completed to establish the

energy problem in the building. The building was simulated as it is currently

operated; it was then compared to LOADS simulations with different infiltration

rates varying from 0.79 air changes/h to 1.85 air changes/h. The LOADS output

for each run showed infiltration to be the largest component of the building

load; consequently, a significant effort was made to calculate accurately the

infiltration rates of the building. The ASHRAE crack length was used to esti-

mate the infiltrate rate; different rates were calculated for each space simu-

lated. These rates, when multiplied by the volum of the associated space,

summed, and divided by the total building volume, yield an infiltration rate
.. of 0.85 air changes/h for the entire building. This rate was applied to the

base case building.

2. SYSTEMS input. The air distribution systems that support Vandenberg

Hall are principally once-through air-handling systems that support the cadet

living quarters. ~iowever, the assembly areas are supported by heating and

ventilation (H and V) units that recirculate air within the space and the cadet

store area is served by a multizone unit that also recirculates conditioned

air. The three HVAC systems shown in Tables A-II through A-IV were input to

simulate the distinct operational characteristics of the air distribution sys-

tems described above.

The CENrRAL system models the once-through ventilation system that

supplies 70”F air to the cadet living quarters. The fans of this sy~tems

run 24 hours a day, 7 days a week. Bar,eboard heaters provide enough heat

to naintain a 65°F daytime and 55-F nighttime temperature in the conditioned

spilce. The baseboard thermal output is reset based on the outside air tem-

perature.

The assembly areas served by the ASSEMBLY system were previously heated

by a radiant floor panel system that has since been rendered inoperative.

Consequently, the recirculating H and V units must now provide all of the

heating. The spaces served are heated to 65°F during the day and 55°F at

night. The fans are run continuouc!y during the winter but are turned off in

the sulmner. Demand control varies the temperature of air delivered to the
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Zones Area Served

23w Toi lets

St9rage

Orderly

23E

23N

56w

56E

Toilets

Storage

Mechanical

Test Cell

TABLE A-II

ZONESSERVED!3YCENTRAL HVAC 5Y5TEY

Toi lets

Storage

Hobby Shop

Radio listening

Dark Rooms

Toilets

Toilets

Ventilation
Rate
(cfm)

19,600

8,800

960

7,480

9,600

10,400

100

1,560

14,500

5,000

500

2,600

19,520

7,R411

Supporting Ventilation
EauiDment

HV-42, 43, 54, 55;
EX-1 through 4, 6, and 7;
EX-9 through 16.

HV-42, 43, 54, 55;
EX-20 and 21.

HV-1 and 2;
EX-5 and 8.

HV-42, 43, 54, 55;
EX-1 through 4, 6, and 7;
EX-9 through 16.

HV-42’, 43, 54, 55;
EX-22.

HV-42, 43, 54, 55; EX-17.

HV-42, 43, 54, 55; EX-40.

HV-3 and 4; EX-19.

HV-3 and 4; EY-19.

HV-8; EX-27, 32 and 34.

HV-7; E.X-26.

HV-6; EX-33.

HV-44 through 53;
EX-1 through 4, 6, and 7;
EX-9 through 16.

HV-44 through S3;
EX-1 through 4, 6, and 7:
EX-9 through 16.
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TP,R!.EA-III

Zones Area Served———

4 Assembly

Security Flight

IEO Administration

Air Handling
Capacity Supporting Air-Handling

(cfm) Equipment

75,600 HV-10 thrcliqh 3!).

4,500 HV-40 through 41; EX-50.

boo HV-56; EX-51.

TABLE A-IV

ZONES SERVED BY STORES

Air Hdndling
Capacity

Zones Area Served (cfm)

23S General Supply 27,430

spaces from 55 to 120”F. An economizer cycle

modification that permits the introduction of

HVAC SYSTEM

Supporting Air-Handling
Equipment

S-41; EX-35.

has been overridden by a field

fresh cir into thfjconditioned

spaces only when the outdoor temperature rises above bO°F.

The STORES system models a 100% recirculation multizone air distribution

system with direct expansion (OX) cooling. The conditioned spaces are con-

trolled between 65 and 80”F all year raund; the fans run 24 hours a day, 7 days

a week. During the winter, an economizer cycle is overridden to permit the

introduction of fresh air into the conditioned spaces only when the outdoor

temperature rises above 60”F. During the sinner (June, July, and Augu~t), a

spray coil is activated to provide evaporative cooling, thus displacing

mechanical chilling. Because DOE-2.1A is incapable of modellng evaporative

cooling in conjunction with DX cooling, no ECO energy savings are reported for

this system during the surmncrmonths.

The systems modeled do not lncl~)deall Gf the air-handling syst.cms In

I.heblilding; thos~ units supporting the lyc(unn,trllckdock, and firpplace are

infrequently lls~d so they were not simul~t~d. Furthrrmorp, the fans for the
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unit substation:). tunnels. and solm’t~ilet exhilu:,t f.ln! orI thf ‘I r.;: ‘t fIn I-

were icrnorcdhecaus~ the spaces they served ww~ uncondi~iulled.

3. P~Afi~ Irlpllt. Tht,}ligil-t~?lnp~rJt~Jrewilter ~u~lplll+ctil LI1*., II P.J!! 111111. d!lif
.--—-- .- .._ . . .

r ~larld~nllergH~l? ~a’;“iOh-- tiTllll L3?’Jtl Jr’c4 h’iit~r ~j~!, t~ll!f, d :Iilllil”l!ti?(!!}) !!1( !IL1’ilH:

utility option of the DOE-2.1A program. Ener-gyconrumed nt tne source was

calculated by hand by taking the DOE-2.1A results for steam consumption and

dividing by an overall generation and distribution efficiency of 702.

The entire cooling load for the building was met by a packaged multizone

system for the STORES system. A durrnnycentrifug~l chiller was specifil’riIn

PLANT to keep the program from aborting.

B. Field House—-- -.---—. ----
1. LOADS—.——

based on therms’

basketball stad’
., facility. Data

input. The Field House was divided into three distinct areas,------
characteristics and usage. These three zonrs are (1) the

urn, (2) the ice hockey arena, and (3) the multipurpose/trdck

used in the LOADS input were taken from an energy survey per.

formal on the Field }iouse that included a detailed review of the as-built rlraw-

ings, a site survey, discussion of the building’s operation and p~’rform,nrc

with the facility’s personnel. and informi]tion on occupancy and liqhtinq loads.

Figure A-3 i~ ac i~ometric view of the Field !tuuse g(’rleratd by the

DOE-2.1A program. Figuil A-4 shows the plan vi(’wot thl’huildinq and the

~ssigrltnrntof zone/sp~ce namps to the physic,~l are~~ within the buildirlg.

The rcsultz of thr LOADS run show infiltration to be the largest com-

ponvnt. of the huiltling Io{ldfor all three z~ncs, lightirl~to iw the second

larcje~tcomporfint, ar~clhc~t loss through the roof to be thu third largest com-

porli!nt.

?. SYSTEMS input. The Field IIOUSP is servd hy srver.al large air-—. .-........-.----
handlirlg units In each of the zones. These units normally function in a 100’x

r~circulatiun nn(jc to maintain the building at an average temperature of (NJ-F.

During spurts events, concerts, or other activ!t!es In which thurc would bc a

larg~ numhur of people in t.h~huil(.tlilg, the units opcrdte in a 100;: vt’ntil(ltion

modp in which oiltside dir is brought irllo t.ht!hljil[lirlq to m[!t~t thp ir~cr~’a%(!d

il~t~!rndl load.

The fiins,lndhcatlny ~:oils in (!Jchof thu t.hrw l(,,,,?sopf?r,lt~’on dn ils

n(!~IdP(l II(IS is to mi]irltllinthf?thurmost.~t set poirlt in raL:h zonno TIIO lciy)(lra -

tur(? of t.ho Jlr prov id(’d tu lhe IUIIP iS nk)duli]tr!d hrtwrrrr 1;?0iit)d6(.)-F



tilMUlh m 13%

Fig. A-3, Isometric view of the Field House.

MULTI-PURPOSE

BASKETBALL I HOCKEY

Fig, A-4, Plan view of Field House,

There is no coolinq equipment for the building. Table A-V shows the hc,~t~ng

and ventilating equlpm(.nt th~t support uach of tho threr ~ones.
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TAELE A-L’

F1EL17 IIOUSF ;ONIS

Building Floor Ared Volume
Major Supporting Air-

Zone A (ft3) Handling Equipment

Basketball Stadium 47,124 2,780,316 AH-1 through AH-8;
AH-10;
AH-36;
EF-I through EF-5.

Ice hockey arena 4/,124 2,780,316 AH-11 through AH-18;
EF-6 through EF-9.

Multipurpose/track 74,579 5,667,980 AH-20 through AH-31;
EF-10 through E~-13.

based on the outside air temperature. When a zone is operating in the

ventilation mode and the outside air temperature is above 759F, the air-

handling units for that zone will return to the rec;:culation mode.

3. PLANT in~. The high-temperature water supplied through converters

to the ethylene glycol distribution system of the Field House was rimulatcd by

the cteam utility optio~ of the DOE-2.1A program. [nt’rgy consumed at the

source was calculated by taking the DOE-2.1A rer,ults for st~am consumption and

dividing by an overall generation and distribution efficiency of 70%. A dll~,y

ccntrifugdl chiller was sp~cifi~d in

aborting.

An active solar ~ystem for the

was simulated. Four parametric runs

PLANT to prevent the program from

I]uilding’s domestic hot water (DI{W) load

were made with varying valu~s for th~ col-

lector area, collector fluid flow rate, and storage t,lnkvolume. Approximately

77% of the building’s DHW load can be met with 5000 ft2 of collectors.

c Aeronnutlcs Labor-~tc)ryA..-. - -.—.
1. LOADS @~~, Thp buildinq was dividccl into zones based on thu in-—-—--

tcrn~l loading, cxterlor surf~c~ typ~, zolar exposure, CIIId tlVAC $ystem type,

Figure A-5 Is an isomctr{c VICW of the Acro Lab, as modeled, th~t was created

by the drvelopmcnt verrion of 17(IE-2.lA. Figures A-G md A-7 contain a floor

plan showing the zoning divisions. Schodulcs were Input for liqhts, cqulpm[?nt,

ml people occupancy. Infiltration was iiz%umed to occur orIly In the Iobbir%

(iuring the dny at the cnntral IIVAC syst~’m supporting the r(~%tof the huild!t~g

us{+sat Imlst 12VIfrrth ,Iirduring thit perlori, Thi5 impl!(~(l t.h,ltthe I)llildlllq

$
., .
,.



is under positive pressure. Some infiltration throughout the building was

assumed to occur at night when the !-!’jACsystem is in the recirculation mode.

2. SYSTEMS input. Schedules fc thermo~tat s~t points and HVAC outriirl~:

air requirements were input. Ilecause only one HVAC sy~tem i!.vl’rmittcd per

thermal zone, the lobbies were spl

heaters and a central zone. Size,

quirements and coil set points for

drawings and field inspections.

t into a skin zone serviced by the unit

operating parameters, and outside air re-

all systems were determined from the

Two developmental modifications to the DOE-2.1A SYSTEMS program w~re

used to simulate two of the options. These include the spray-coil and evapora-

tive cooling routine and the Trombe wall simulation routine.

3, PLANT input. The medium-temperature hot water was simulated usmng

the utility option of the DOE-2.1A program, The energy use values reported

are the number of Btu’s of hot water required at the building boundary.

The chilled water demand was converted to equivalent high-temperature

hot water and electricity demands by simulating a single-effect absorption

chiller that was sized by the program to just meet the peak cooling load. The

energy use values reported are the number of Btu’s of hot water and electricity

required to produce the needed chilled water at the building boundary.

111, SUMMARY OF PERFORMANCE RESULTS - VANDENBERG HALL

Fourte~n ECO candidates wert analyzed for Vanderibcrg Hall; thirteen of

these involved conservation modification and r)nc involvcrla s[)l~rmorlific,ltion,

Corlservatlon
Option Description—— —— ——. —- ---

2 Reinstate economizer operation for cadrt stor~

3 Zone thermostat, control for baseboard heaters

4 Tunnel preheat of ventilating air

5 Reinztate radiant heating in assembly arf!as

6 Run-around heat recovery loop
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~irj, A-5. Isometric view of theAero Lab.
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Conservation
Option

7

8

9

10

11

12

13

14

D~scription ——.

Minimize ventilation rates

lmprcve fan/motor efficiency

Night insulation on windows

Improve wall and roof insulation

Combine options 6 and 7

Combine options 6, 7, and 8

Combine options 6, 7, 8, and 2

Combine options 6, 7, 8, 2, ana 3

Solar Option Description

-. 2 Solar DHW system

The results of the computer analysis of these options are tabulated

in Tables A-VI and A-VII. The individual options are discussed below.

A. Enerqy Conservation Opportunities (ECOS)

Table A-VI is a comparison of the energy conservation options cons iderl’d

and the expected energy consumption of each. An explanation of each follows.

1. Baseline building, a+built. A baseline building simulation was run

cm the existing building: energy consumed for heating was shown to he the pre-

dominant energy problem, The cooling load, by canparison, was shown to be

quite small, The Building Boundary Energy Index w~s cfilculatcd at 55,800 Btu

per gross square foot of floor area on an dnnua’ibasis. This indicates thnt

the building is very energy efficient and therefore difficult to retrofit with

energy conservation features {n a cost-effective manner,

2. Reinstate economizer operation for cadet stores. An econ mlzer cycle

providing free ventilative cooling was simulated in lieu of closed fresh air

dampers associated with the multizone air-handling system supporting the cadet

stores, These dampers were set by maintenance personnel to close when the

wtdoor t~mperature dropped below 60”F.

3, Zone thermostats for baseboard heaters. rhis npt{on involves the———.—. —
control of the thermal output of the baseboard heaters hy individtlal zone



ENERGY CONSERV4TltlN0rTION5
VAN[~ENEtEF!GHAL’.

Option

1.

2.

3,

4.

5.

6,

7.

8.

9,

In.

11,

12.

13,

14,

Bdseline, as-built

Reinstate econc+nizer

2one thermostats for
bdteboard heaters

Tunne; prehe~t of
ventllatiorlair

Reinstate radiant heating

Run-around heat recovery
loop

Minimize ventilation raLe’

Improve fan/motor
efficiencies

Niqht insulation on
windows

ImDrove wdll and roof
insulation

Combine option% 6 find7

Ccmhlnc options 6, 7,
and B

Comhin@ options 6, 7,
n, dnrl2

Ccmblnr rmtion% 6. 7

Heating Energy
(106etu)—

27,871

27,0?4

?6,024

?5,854

2B,092

14,193

18,787

27,671

?7,388

27,670

1?,392

12,392

12,398

11,.393

Cooling Energy
(106 Btu)

983

915

983

984

933

983

984

9R3

9Q4

9[14

5U34

915

915
8, ?, and”3 -

TARL~ A-VII

SOLAR OPTIONS
VANDLNB[RG HALL

~tinn—---— _ ----- ---

1, Bdscline, as..huilt

7, Soldr dmwstic hot
waler systrm

Cnnll g Crwrgy
.(lo~. mt) . . .. .

W13

!JOJ

Eltctr c Energy
i[10 Btu)

13,553

13,521

13,494

13,531

13,067

13,382

13,465

12,237

13,537

13,550

13,371

12,053

l~,oz]

ll,tw4

[lrctr c Enprqy
4

.-.[!fJ.,B~u)...

13,553

13,636

6uildlng EliLIIIJa~y

F.nPrgy lnge~

~li)3f!tu/f!’-y~_-. — —. —.

55.8

55.7

~~.?

53.1

55.4

37.6

4.?.7

54.]

55.7

55.6

35.2

33.5

33,3

31.R

Building ,Boun(ltlry

~;,!’;~:;;$:;r)
.- ..

55.8

53,4

:’9



thermostats instead of the outdoor temperature reset control now inst~ll,ed.

This strategy eliminates che overheating that often occurs with re~et control.

4. Tunnel preheat of ventilation air. This simulation ascumed that tne—.
builuing was pressurized to ellminate infiltration. Such a feature could be

implemented by drawing in air from the adjacent high-temperature hot water

utilit! tunnel and delivering 70eF air to the space. Hence, infiltration would

be displaced by ventilation air preheated by the thermal losses of the high-

t~perature water piping within the utility tunnel system.

5. Reinstate radiant heatinq. The assembly areas were previously

heated by a radiant floor panel system that has been rendered inoperative.

This option involved turning uftithe heating and ventilation units that now

serve these areas and reviving the floor panel system. Fan power savings are

realized but higher thermal losses offset some of these gains.

6. Run-around heat recovery loop. A run-around heat recovery system

was simulated operating at an overall effectiveness of 75%. This option

assumes that heat frcxnthe exhaust of ventilation air from the CENTRAL system

is recovered and used to preheat the makeup air. This option yields the

largest uncoupled energy savings of any considered.

7. Minimize ventilation rates. The ventilation rate for the CENTRAL

system was reduced from 108,460 cfm to 50,812 cfm. Acceptable air qudlity can

still be maintained even at the lower rates. This option will most likely

yield the largest energy savings for the lowest capital expenditure.

8. Improve fan/motor efficiencies. Fan power saving~ were realized hy

assuming that a 50% savfngs in fan/motor energy could be realistically achieved

by installing new fans and motors.

9. Night iflsulationon windows. This simulation ascumed that R-9——
insulation was applied to every window of the building at night to minimize

heat loss, This strategy was mistakenly applied to both the suwrnerand winter

periods and the results show the consequential rise in cooling energy require-

ments. However, only a small amount of heating energy is saved, so this option

was not rerun.

10. Improve wall, floor, aridroof insulation. We simu;aterl the install-—-
ation of an additional R-3 of insulation on roof and floors of this building.

The thermal resistance of the exterior walls was improved fromR ~ 7 to R _ 14.

The addition of insulation results in only insignificant reriuctlon of heat loss
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in both the winter and cunmsr. Glthouqh there i~ :,omchedtinq en:’”’gy~rrform-

ance improvement, there is also iicooling pendlty t.obe pair!.

11. CombinP option!} 6 and 7. This op:ion involves the inzt,iil,~tior! of

a run-around heat recovery system irl dcidition to the reductiorl of Lh(! ~~rlL!la-

tion rate for the CENTRAL system. Significant thermal energy s~vings are

realized by this combination.

12. Combine options 6, 7, and 8. The thermal energy savings features of

the previous option are combined with improved fan/motor efficiency to yield

both thermal and electrical energy savings.

13. Combine options 6, 7, 8, and 2. The thermal and electrical energy

savings features of the previous option are combined with the reinstatement of

the economizer cycle for the cadet stores.

14. Combine options 6, 7, 8, 2, dnd 3. Option 13 is combined with

therIIIOStdtiC control of the basehoard heaters for only slight performance

improvement and relatively large first cost.

B. Solar Opportunities (ECOS)

Table A-VII compares the energy consumed by the baseline building to the

energy consumed by the came building with a solar collector system of 40,000 ft2

@f collector providing 80:;of the DHW energy requirements. Solar DHW syztems

generally cost about $50/ft2 of collector installed and cannot be justified

unless fuel prices increase significantly.

Iv. SUMMARY OF PERFORMANCE RESIJLTS - FIELC HOUSE

Six ECO candidates were analyzed for the Field House; five of these were

conservation modifications and one w~s an active solar retrofit,

Conservation
Option Description

2 Pressurize build~ng””with preheated air

3 Reduce thermostat set points in two zones

4 Add insulation to building roof

5 Combine options 2 and 3

6 Combiw options 2, 3, and 4

Solar Option DescrQtion— ——- —.—
2 Active solar L)IIWretrofit
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The results of the computer analysic of these option~ are zhown in

Tables A-VIII and A-IX. The individual options are discu~5ed below.

A. Energy Conservation Opportunities (ECOT)

From the results of the energy ~urve.y and the DOE-2.1 sirriuldtion, an

initial list of potential ECOS was compiled for the Field House, The ten

potential ECOS for the Field House are as follows.

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Passive solar Trombe wall on south side to preheat outside air.

Addition of insulation to roof of building.*

Addition of insulation to walls of building.

Reduction of lighting levels by the use of daylighting techniques

(skylights).

Red~ction of building thermostat set points (to 62°F).*

Active solar retrofit for the DHW load.*

Exhaust fan heat recovery loop.

Pressurize the building with prewarmed air to offset infiltration

losses.*

Recirculate warm air from the top of the high bays to the floor level.

(10) Waste heat recovery frcnnthe ice rink chiller to heat domestic hot water.

Outside air is brought into the building only during athletic and other

events, and these occur most often at night. At these times, the amount of

outside air required is so large as to make the contribution from a Trombe

wall in~ignificant (< 10X).

The heating load caused by conduction through the walls was lezs than

the load caused by COndlj~tiOn through the roof. It was decided to analyze the

effect of adding roof in”iulation first, and if that turned out to be economi-

cally feasible, to then cmicider additional wall insulation.

If daylighting techniques are to be attempted for this building, they

must be in the form of skylights through the roof, as any wall penetration

would damage the architectural integrity of the building. Becal~seof the

height of the roof above the occupi~d space and the number of ceiling-level

obstructions, there is insufficient light available through the use of

—.

*ECOS selected for further study.
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Option

1. Basel!ne

?. Pressurize building

i. RedJc? thermostat setting

4. Add roof insulation

5. Cunbine options 2 and 3

6. Combine options 2, 3,
and 4

Heating Energy

!106 Fltll)

15,070

7,698

1?,43?

14,045

6,129

5,243

Cooling Energy
(1(+ l’~,1)i.—

0

0

0

0

0

0

Elect- c Energy
iIlng~—.

6,928

6,97a

f ,657

6,855

6,769

6,669

89.4

TABLE A-1X

SOLAR OpTIONS
FIELP HOUSE

Buildlnq Bo:lnria,v

~;;:;:;”g’
Elf’ctr”cEnergy Enrrqv In Pi

Option ‘e;NaJ:;rgy “ ___ ... ... L..-(lo ~~lJ\ 9
(!n3 ~Lil/f!’-vr’.— .—. —-.

1. Baseline 15,078 0 6,926 El~.4

2. Solar domestic hot 14,678 Q 7,017 ns,2
water system (5000 ft’:
collector area)



skylights to e~onomically offset the daytime lighting energy. Tn(. hl]ildlnq

has already undergone two delampinqs and is currently operating at a very

efficient lighting level.

i3ecause the exhaust fan; are running only wheri th~ huildlng i~ IrI u

ventilation mode and does not require additional heat, a heat recovery loop on

the exhaust fans is not practical. The installation of fans to destratify air

in the zones is also unnecessary because the building normally operates in a

fully mixed 100% recirculation nmde.

Water leaves the condenser of the ice rink chiller at approximately 6F”F,

too low a temperature to preheat domestic hot water. Table A-VIII is a cow

parison of the energy conservation options considered for further study and the

expected energy consumption of each. An explanation of each option follows.

1. Baseline building, as-built. A baseline building simulation was run—.—— .. -———
on the existing building, and energy loss caused by infiltration was shown to

be the largest component of the building energy consumed for heating. The

Building Boundary Energy Index was calculated at 89,438 Bt~ per gross square

foot of floor area on an annual basis. This high number results from the very

large volume of the building in comparison with its floor area.

2. Pressurize buildin~ with preheated air. The building was simulated.—--— -. — -—. -— — —-.—
assuming a supply of preheated outside air that would offset 602 of the

infiltration tosses. The air would be preheated by being drawn through the

high-temperature hot water utility tunnel adjacent to the building. Heat

recovery equipment including exchangers. fans, and ductwork would be installed

to allow the existing air-handling equipment in each of the zones to distribute

this preheated air.

Calculations were made assuming a 350”F water t~:mperature, two 6-in.-diam

pipes per utility tunnel, 1-1/2 in. of insulation on the pipes, and a maximum

of 10 mph air flow in the tunnels. Using these assumptions and a 70 degree

day base, it was estimated that approximately 4000 linear feet of tunnel would

be required to obttiin the necessary amount of preheat, The hi~h energy savings

and economic payback for this ECO make it an attr~ctive retrofit project.

It has been learned that subsequent to this study, the Air Force Academy

comnleted a retrofit project to install an additional 2 in. of fiber glass to

the water pipes in the utility tunnel adjacent to the Field House. The reduced

heat loss available for recovery would increase the length of utility turlncl

required to 13,400 linear feet.



immediate trial implementation to determine if the 62*F tcrnp~ratur? propoqed

does not cause discomfort to the building’s occupants.

4. Add insulation to buildinq roof. The addition of 4 in. of in-

sulation to the roof of the building was simulated. This option reduced only

the heating en~rgy loss cau~ed by conduction through the roof, which wa:,a

minor contributor to the total building loss. This is an ~xpensive option

with relatively low energy savings.

5. . Combine op:ions 2 and 3. The thermal energy savings of providing

preheated dir to offset infiltration losses was combined with a reduction in

thermostat set points to yield both thermal and electrical energy savings.

6. Combine options ?, 3, and 4. Option 5 is combined with the addition

of roof insulation for additional thermal and electrical energy savings.

B. Soldr Opportunities (ECns)—.—
Table A-IX compares the energy consumed by the bauel;ne building with the

energy consumed by the same building with a 5000 ft2 active solar coll~ctor

system providiny 77~iof the DHW energy requirem~nts. Solar DHW syztems qener-

~lly cost about g50/ft2 of collector installed and are therefore too expen-

sive for the energy saved to be economically justifiable.

v. SUrlMARYGF PERFORMANCE RESULTS - AERONAUTICS LAI?ORATORY

[levcn ECO candidates were analyzed for the Aeronautics Laboratory; six

of these involved conservation modifications and five involved solar modifica-

tions,

Conservation

-Q_ —-—. 13escrljtion —-.. .-.

3 Sc~~onal heating and cooling

4 Night setback in lobbies

5 Demand control

6 Evaporative cooling

7 Combine options 3 and 5

8 Cnmhille options 3, S, ml 6
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Solar Option Description— —.——
2 Dayligil:ing

3 Trombe wall

4 Surrznacer,for the tcjt cell clar:, ~00111:,

5 Active solar heating system

6 Solar domestic hot water heater

The results of the cwnputer analysis of these options are tabulated

in ?“ablesA-X and A-XI. The individual options are discussed below.

A. Energ’y Conservation Opportunities (ECOS)

Table A-X is a comparison of the energy conservation options considered

and the expected energy consumption of each. An explanation of each option is

included below.

1. Baseline buildinq, as desiqned. A baseline building simulation waz

run on the existing buildir,g using information obtained from drawings and a

site visit. Results of this simulation and the site visit indicated a severe

o’;erheating problem in the room with the cubsonic wind tunnel. This over-

heating was resulting in overcooking of other arear in the building as the

heating and cooling syztems attempt to keep that single room under control.

2. Adjusted baseline huildinq. The baseline building from (1)

was rerun to incorporate all of the operational changes that could he

this building at no capital colt to the Air Force. Furthermore, ttle

tion of a separate air conditioning system in support of the zuhsonic

tunn~l area is ~ssumed in this simulation t.:create ~ climate corrduci

above

made in

rlstalla-

wind

‘e to

education. Increasing the size of the multizone syrteincurrently ~upporting

this area will not correct the overheating problcm in this room because the

existing cooling coil, fan, motor, and ductwork are not adequate to h~ndlp the

requfred increased air flow. This adjusted baseline was used for compari~on

of all other options because it represents the actual required energy

consumption for the existing configuration.

This simulation a~sumes that the thcrmostatc in the Shop, Combustion,

Trlsonic, and Lobby-1 areas are adjusteci to control the temperature within

these spaces between 68 and 78-F; that is, controlling over a 10”F throttling

range during the day. At night, the multizone fan supporting theze zones is

shut off, hut cycles on as needed to keep the temperatur~ in these spaces ahovc

Go”F. The fan operation remains unchnngwl from the hdseline simulations,
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Option

1. Baseline, as designed

9-. hdjus:ed ba<e!lne

3. $Pa:ond: hi’a!ln~and
Coollrlg

4. high: sethacb.In
lobbles

5. Demand control

6. :VdpOrd:lvC CWJllng

7. ComLinc options 3 and 5

8. Ccrnhincoptions 3, S,
~tlil 6

(~tion.—— -—.

1.

9i,

3.

4.

5,

6.

Iiedti Q Energy
1“(lo Rtu)-—- —.

1176

992

fm

956

75EI

1540

698

69B

y;v;;;r’-”
590

554

4f)7

548

511

148

462

0

TflBi!. A-Xl

SOLAR O~TIONS
A~RofiAliTICSLARok,~TORy

I{oatingEnergy Conlinq fnltrq,y
(lo~ Bt,,l-------...— .._, .-~l::.I?tllj-,-

!)92 5!14

1059 $46

887 572

~59 555

7?0 554

9Y2 554

[leclr c fnt’’-gy
i

[10 Rt:l\_-

?430

:633

M?S

?636

?634

?fi?4

?6?7

;5’W

Building Rnunridry
[nPrqy In cx

9~lg: l?t(l/f~ .yrt-,

16(1,3

1(1:’.9

l~oaJ

lrl’lmo

13H,?

165.9
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but the temperature control wac originally rlegiqned to msint~i~ 70’Y dllvina

the day and 60”F ~t night. These thwmostat~ are curr~~ntly z~?tat 6V’F durinq

the d~y and 60WF at night.

The thermotta: control of tempcrdturc in Lnc teL: CP!I cldc:,room:.1’,

adjusted to the same operation speci~ied for the Shop, Comhusticrn, Trisonic,

and Lobby-1 areas. Historically, the t~st cell classroom~ were maintained at

72.5 ● 2.5°F during the day and 62.5 * 2.5°F at night and are currently set at

68-F during the da~’and 60”F at night. The fan operation remains unchanged.

In this simulation, the subsonic area is uncoupled from the multizon~

fan system currently supporting it and the Shop, Combustion, Trisonic, and

Lobby-1 areas. The $ubsonic rorxn is heated when the temperature drops below

68°F in the day and 60”F at night. Cooling is provided when the temperature

exceeds 78”F; a two position thermostat with a 10”F deadband is assumed to

maintain this control, A single zone heating and cooling system continuour}ly

delivers 35,000 cfm of air during the clay:at night the fan is shut off hut

cycles on automatically to keep the space above 60”F.

Finally, the hot ml cold deck temperature~ for the rnu”ltizones.yrtem ale

adjusted from 120 to 100”F for heating and from 54 to 64°F for cooling, Our

simulations show that thermal comfort i~ not reduced by tllicadjuztm~nt ,lnd

that energy waste is avoided by not mixing air t!)at is too hfrt with air that

is too cold,

3. Seaconal heatinq and coolinq. The option autcmtically shuts down

the heating system whenever th{!outdoor tmrp~rat.urc rxc(+edz d c~rtain set.point

(say 60”F) and starts the cooling system, Conversely, the opporiit~ occurs

when the I.emperature drops below that sctpoint; that is, tho heating sy~tem is

initlatcd and the cooling system is shut down. This can he accomplished hy

interlocking the electric power zuppl ied to the hot water pumps P-1 and P-2

with an outdoor temperature scmcr~, The cooling sy~tem must be controlled

with a pneumatically operated isolation valve also interlocked with the outdoor

temperature sensor. This option eliminates rimultm!ous hcdting and cooling

in the multizonc systm S1 without re(iucing occupant comfort.

4, Night setback in the lobbies, Two unit heaters rupport the lobbies—-— .
on the first and second floor of this huiltiing. ~ach is zt~tto m,.intaitla

contirruour 68-F temperature within the Spllce. These unit heaters were s~~thnck

to 60”F at night in the simulation. Although energy is sdvcd by this s[~thnck,



:~e

not

tht:

adjustment is done by a comparison of the temperature of each zone in the :,.Ys-

tem. The temperature of the hot deck will be ddJU5ted to just meet the re-

quirements of the coldest zone and the cold deck temperature will be adjusted

to just meet the requirements of the warmest zone. This strateg,ycan result

in an energy ~avinqs if either coil s~t point i:,no! ai an opt!:num trmp~wciti~re

or if the optimum temperature changes.

Implementation would require in~t.all~tion of a comparator microprocessor

to compare the zone temperatures and to control the existing coil valves.

These temperatures are already transmitted to the mechanical room for usc in

modulating the zone dampers.

This strategy would involve a relatively low investment and results in a

247 savings in heating energy and a 1?’ savings in cooling ~nerqv, rcpr[~s~ntinq

the grl?dt~st savings of any ringlc option conciricrerl,

6. llir~ctev~orative cnolin~. This optinn involve:;in~ta!lation of ~n..—.—.
evaporative cooler in the Subsonic W;nd Tunnel Room and addition of an air

w~cIer to the main S1 $y~tem

Evaporative cooling in

rrquirementc hut, because of

cooling ~y~tvms, thu huating

in tl~eMechanical Room.

these two area reduces the nwchanical cooling

the uncontrolled cooling output.of the evaporat.ivp

is incred?,cd. A two-~p~od f~n for both evapora-

tive sy’,tcms woiIl(l rcr,liicethe hcatinq rf~quircmcnt.

7. Cornbliie options 3 ~nd 5. Thir, option combincri ruac,onalhc,~ting ~nr-1-—--— -
cooling ~nd dumarrd control of the multizunv zy:,tcmS1. Sce (3) and (5) al~ove.

8. Comhine~tlonc 3~ 5, and 6. This option combines r(?asonal hr,~ting—— —.——

and cooling, demand “orltrolof cystem S1, and ovapordtive cooling in t=y~temS1

md the Subsonic Wind Tunnel Room. Sce (3), (5), and (6) above.

This c~wlhination i:,part,iculdrly ~dvant.ngcour h(?ci~u~cit pr~v~nt~ Lhc

hrdting ~ystcm from teml]cring the uncontrolled output of !.heevaporative

cooling syst~ms. Fvllpordtivu cooling is dzsumcxi to operllte only after thp

heating systcrn is t’lrnedoff. “Tho installatior~ of a two- or tllrur-r,pl’t’dfan

could rcduc(? thp ov(prcoolinq th,ltocx:urr during lhc spring ~nd fall.



This combined strategy results in the large~t energy saving of my of

the options or combination of options analyzed. Furthermore, this strategy

allowz the building to be completely severed from the cooling water ~uppliefi

from Fairchild tldll. The vent.il~tive and evaporative re~nurc~ at thi’. :;itc i:

sufficient to meet the cooling requirements of the Aeronautics :abo’story.

B. Solar Opportunities (ECOs~

Table A-XI is a comparison of the solar options considered. The table

includes the expected energy consumption of the building when retrofitted with

each option. An explanation of each option is included below.

1. Adjusted baseline. See explanation under Item 2 of thP Enurgy

Conservation Opportunities.

2. Daylightinq. Lighting levels were reduced to 1.2 watts/ft2 to

assess the potential daylighting savings; this action would involve installa-

tion of windows or skylights. This option only slightly

and electrical energy conswnption and slightly increases

requirements. Because implementation of this or)tionWOU’

architectural changes and result in very little savings,

iisa candidate ECO,

~. Trombe wall. An unvented Trorllbcwall was mode

south facing walls of the lower and upper level lobbies,

decreases the cooling

the heating energy

d require major

it is not recommended

ed in the existing

zhops, classroom,

storage, and trisonic rooms. The Trombe wall was assumed to he constructed of

double pane glass and the wall~ were painted flat black, The glazing was as-

sumed to be shaded during the surmner.

The amount of energy displaced hy the 4,362 ft2 of Trombe Wiill simu-

lated would not justify an investment of more than $4.00 pcr ~quare foot of

glaz{rlg. Therefore, this nptfon is not recomncndcd as a candi(lat[!ECO.

4 Sunspace for the test cell classrooms. The cmtry ways to the test-“
cell classroom were converted into sunspaces by eliminating the exterior

concrete walls In front of the test cell cltlssrocxnsand replacing them with

double-glazed patio doors and applying R-9 insulation at night.

The amount of energy displaced by the 637 ft2 of vertical glazing

simulated would not justify an investment of more than $5.75 pcr rqu~re foot

of glazing. Therefore, this option is not recomnendcd as a candidat~ EC().

5. Actlvc solar hcatlng system, An active solar water h~’sting systcm

was added assuming that all of the hot water

system WOU’d be replaced by larger coils de’ vcrlng th~’lrrated outp~ltwith

4(I



zolar heated w~ter ~upplie(l i~!.l;J~”F. The znlar rvstem conjiztf, of approxi-

m,itely 6,000 ft2 of tingle-gl~zrd, q(~lect.ivf-cl]rface, flat-pl~t~” collectors.

and a I(l,[iOO-gal.“ltarag~ tank..

TIlis optiorlr.dflsupply 3:,rm!cb 0; t.flc\Dace htla!inq nt:rd:i)fthr t~u:lfl-

illgac desired by adjusting the size of the collcctor~ anclstnragr tank. Th~

6,000 ft? of collectors with 10,600 gal. of storage would provide 73’”of the

space heating requirements of the building with only a slight increase in elec-

trical ene]gy consumption. However, the cost of implementing this option would

more thdn exceed the economic benefit of the fuel savings over thp ~ssumed

25-.ycJr economic life of the zolar collecting syitem.

6. Solar OHW heater. A solar OHW heater was added to the adjusted

baseline to supplement the electric DHW heaters. A very minor decrease in

electrical consumption was achieved as the DHW load is a very small part of

the load. This option is not recommended ac a candidate EC().

VI. RASELINE COMPUTER MODEL LISTINGS

The hazeline com~ut,cr input for Vandcnherg Ilall, the ~i~~lrl }louSe, an(l

the Acr-onautics ~dhC)rdtC)rY is attdcherl as pagc~ 4?-R1.
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.:F2;.~rI r . ; -., .,,-!.-. -,<, .;, .10 ... .1. rq z-l ,

r,,-:- :.-.,-i: Cr. :.c f.:

:rr!.?r.e,-!~w -lrr.. ~-p.-.-.;.! -.rfl; .-l



,-... . . . ?.-; ’:”:~ ..”. ”.-.~ ----
>- ... . . . c:r~:z: - . . ...%=<

:,4-: ;: ,,. ~,...;:,:, -,;

. .. . . .. . .7

.



LDL P QQC E S s OR INPUT OATA

● 2*
. 3*
. 4.
. ● .
. 5-
● 7*
. B*
● 3*
● fcl *
● fi ●

. 12 ●

● :3 -
. 14 ●

. 15 -
● !6 *
. 17 ●

. 18 -

. 99 *

. 20 *

. 29 ●

. 22 *

. 23 ●

. 24 .
L-
U“ 25 ●

. 26 ●

. 27 ●

* 28 ●

. 79 ●

. 30 ●

. 31 -
● 32 ●

. 33 -
* 34 .
. 35 -
. 35 -
. -37 ●

● 39 *
. 33 ●

● 40 =
* 4f ●

● 42 ●

. 43 ●

. 44 ●

. 45 ●

. 4fj ●

. 47 ●

. 48 ●

● 49 *
. 50 ●

● 5f ●

. 52 _
* 53 -
● 54 -
● 55 9
* ~lj ●

* 57 .

82/09/29. 08:40:25. LOL RUN 1

DIAG?4MTIC CAUIIDNS . .
hHIQT EQWIQS . .

S BASELINE BUILQING S

TITLE=LINE-t=*US AIR FORCE ACADEMY=

LI%E-2=*COLORAD0 SFQINGS*

LINE-3=-FIELD HOU5E EC STLJOYO

LINE-49*B. @Avis/wx-4/LbNL* . .

QtM-PEQIOD dAN 1 1978 TI-QU OEC 31 1978 . .

I3UILDING-LDCATION
LATIT~E=~g L13NGITWE=t05 ALTITUOE=7065

TIME-zcmJE=7 AZIwTt-!=O -.

BUILDING-SHADE
HEIGHT=450 WIOTH=420 X=-12 Y=-12

2=59-9 AZ=180 TILT=O -.

LAW1=LAYEQS UATERIAL=(CC25. IN23) . .
LAW2=LAYERS MATEI?xAL=(CC07. IN23) . .
LAW3=LAVEQS ❑ATEQIAL=(CC(37.GP03) . .

LAR1=LAVEQS MATERIAL=(Q~l .BPol.BUol” .IN75. IN22) . .

CW1=CONSTQUCTIOM
CW2=COWSTRUCT ION

CW3=CONS7QUCT Icfu

CQ1=CDNSTQUCTION

CUU=CLYJSTQUCTION
CLJF=C12W’5TQWCTIDN

CIW1=CDNSTQUCTIOP4

CIU2=CONSTRLJCTION

LA=LAU1 b8S=.65 UO=3 . .

LA=LAW2 A@S= .65 !J?!3=3

LA=LAW3 A8S=.E5 CQ=3

LA=LARI A8S=.29 Qo=l . .
U=.lo . .
U=.lo --
U=.32 . .
U=2-O . .

GLT=GLASS-TVPE PANES= 1 G-T-C*7 . .

S LIGHTING SCHEDULE S

LsI=scHEwLE Twau ubf 20 (ALL )( l.5)f.1)(6.2fl(. ~)(22.24)f 1)
TW?U SEP 1 (ALL)(! .5)( .1)(6.2!)( 5)(22.24)(.1)

THQU LJEC 31 (ALL)(l.5)( .f)(6.2?i( .9)(22.24){ .1)

s PEOPLE SCHEDULES $

S BASKETBALL STAOIUM S

UEIS!=UEEK-SCHEOULE (~N.T~W)(l. ~9)(0)(19.22)(.6)f 23.24)[0)
(FQI)(l.24)(0)
(WEHI(l.24)(0) . .

-S2=WEEK-SCHEOULE (~Nl(l.24)(0)
(TL!E.UEO)( l. ~!?)(P)( 19.221 (.6)(23.24)(0)
(TMJ.FQI)(!.241(0)
(WEH}(*.24)(0) . .



.
9

●

*

●

●

●

.

●

●

.

.

.

●

.

●

9

●

●

●

●

●

.

.

●

.

●

.

●

*

●

●

*

s-
●.
●.*
●

*102*
● 101 ●

.102.
- 103 ●

.f~.

.f~o

.106.
- 107 ●

.l~.
● lo9-
● !1O*
● fli ●

● 112 -
● 113 *
* 114 =
● 115 ●

- 116 .
- i17 -
0 118 ●

. 919 ●

__. _—.._—_——
Tti Gv i-uesi
TW DEC 31 uBS1 .-

S HJCKEV ARENA S

U+Sl=UEEK-eUJLE (EXIN. TMJ)(l.24)~0)
(FRI. SUN)(l. lS)(0)( 19.22 )(.6) (23.24 J(0)
(HOL)(l.24)(0) .-

U4S2=WEEK-~~LE (_.TW.1)(1.24)(0)
(FRI.sAT)( l. 18)(0)(19.20)( .6)(21.24)(0)
(SU4.~L)(l.24)(0) --

?4Sl=SC14ED1’LE TH?U FEE 20 WS1
TM?U NW i M-IS2
7ATU OEC 31 unSl . .

S _LTI-PL~POSE AREA S

-S1=WEEK-SCHEMJLE (UOI(l.24)(0)
(uE)(l. 12)(0)( 13. lS)( .6)( 19.2@)(OJ
(~L)(l.24)(0) . .

nWS2=UEEK-SCHEtMILE (U17)(1.24)(0)
(SAT)(l. f2)(0)( 13.16)(.6)( 17.24)(0)
(SIS1.MIL)( l.24)(0) --

WS1==MJLE TWU FEB 20 WMPS1
TH?u NDV 1 -S2
TtQu OEC 31 uW%l . .

S SOURCE SCHEDULE - HOCKEY S

RIMt=SCHEMJLE 1- OEC 31 (ALL) (t.24) (1) -.

S SPACE COM21TI= $

SCBBALL”SPACE-CHITI-
1=(68) P-sCH=BS 1 N-O-P=&MO P-H-G=450
L-SCH=LS1 L-T=IM2AMI L-Ku=107.42
I-M=AIR-CHAAW+E A-C--58 Z-TYPE=CDMJITIONEO .

‘~EY=SPACE-~ITIDNS
1=(68) P-scl+=l’tsl N-O-P=4400 P-H-G=450
L-SCH=LS1 L-T=INCAMl L-KW=74.4
SOURCE-SCHEDULE=RIW I SOURCE-BIU/t{R’- 154700
[-M=AIR-~E A-C-.58 Z-TYPE=COMIITIONED . .

S_=SpACE-C~I TIDM
T-(68) P-SCH=WS1 N-O-P=1200 P-M-G=450
L-SCH=LS1 L-T=INCAN) L-Ku=137.52
1-M=AIR-~E A-C=.S8 Z-TYPE=COMIITIONED .-

S BASKETBALL STADI- - WALLS.ROoF.FLooR $

OIAGMYSTIC MI-LIMITS --

8ASKETBALL=SPACE
X=o v =0 7.0 AZIMJTH=O AREA=47124
vOL.IME=278031~ sPACE-COM)II IONS=SCPBALL

,

-CAUTION- --- ---- -------- ---- ======* -- --------- - - - - - - - - - - - -- - -- -- - - - - - - - -- - - - - - - -- - - --- -

-CAUTltM--- VALUE GREATEQ THAM ~SXIM OF .1CNME+07



* 120 *
- lzt -
. 122 ●

o f23 -
● 124 ●

● t25 ●

* 126 ●

- *27 ●

- 928 -
- 123 *
-130*
* 131 -
● 132 *
● 133 ●

- 134 ●

● 135 .
● 136 .
● 137 ●

● 138 -
- f39 -
● 140 *
* :=:=

● 142 .
* 143 *
● t44 -
● 145 -
● 146 *
. 147 ●

- 149 -
- 149 *

67 ● f~*
a. 151 *

● 152 ●

* t53 0

S-SU1=EXTER1OQ-WALL
COWSTqJCTIDN=CU3 X=o Y=O 2=0 HEIGHT=13.2
WIOTH=198 AZIUJTH=lSO TILT=90 . .

0-!5w2=ExTERIoR-MALL
COMSTRWCTICM=CUt X.(3 v =0 2=13.2 HEIGHT=38.t3
WJDTH=198 AZINJTH=ISO TILT=90 . .

B-SGl=UI~
GLASS-TVPE=GLT X=o V=o
HEIGHT-7.35 WJ01H=158 . .

B-sG2=uJMmm
GLASS-TVPE=GLT Y=fSt3 v .0

HEIW=38.8 WIO?H=40 -.

S-SW2=EXTERIOR-VALL
COMSTRUCTi~=CU 1 X=O V=O 2=52.0 HEIGHT=8
W1DTH=19El AZI~T14=lS0 TILT=90 . .

%-XUI.EXTERIDR-WALL
CDNSTRUCTIm=CU3 X=O v=238 2=0 HE16HT=13.2
WIOTU=238 AZI~TH=270 TILT=90 .

B-UU2=EXTER1OR-UALL
CONSTRUCTI~=CWt X=C Y=23B 2=13.2 HEI~”
UIOTH=2312 A?InJTH=27G TILT=90 . .

a-w3=ExTERIoQ-wALL
CDNSTRUCTI(M=CW1 X=(J V=238 2=52.0 HEIGH”
UIOTH=238 AZI~TH*270 TILT=90 . .

6-R1=ROOF

=38. R

=e

-.
● *54 ● – CO&STRUCTION=Cl? 1 X=Q Y=O 2=60.0 HEIGHT=238
● 155 ● WIOTH=198 AZI~TH=lSO TILT=O . .
. 156 ●

● f57 ● 8-Ul*~ERGRCUM)-FLOOR
● 15B * AREA=47124 CDNSTRUCTI~=CUF . .
- 159 ●

.l~* S MJ-<EV ARENA - WALLS.PODF.FLOOQ S
- 161 *
● 162 0 HCIZKEY=S?ACE
● 163 ● x=*9a Y =0 z =0 AZIUJTH=O AREA-47124
- 164 ● VOLWE*2780316 SPACE-CmITIONs=sCM?CKEY . .

-CAUTION --------------- - ======= ----- --------- ----- ----- ------ ----- ----- ----- ----- ----- ---

-CAUTION--- VALUE GREATER THAN MAXI- OF .1OOOE+O7
. 165 ●

- 166 ● H-SW1=EXTERIOQ-WALL
● 167 ● CONSTRUCTION=CW3 X=o Y=o 2=0 HEIGHT=13.2
● 160 ● wIDTH-t98 AZI~TH=180 T1LT=90 . .
● 169 ●

● 170 - H-SW2=EXTERIOR-WALL
● f?f ● CO?4STRUCTIDN=CW1 x -0 v =0 Z=~3.2 >!EIQH1=38.S
● 172 ● WIOTH=19S AZ1~TH=180 TILT=~ . .
. *73 -
- 174 ● H-SG1=UIM)OU
● f75 * GLASS-TVPE=GLT X*O V=o
. *76 ● HEIGHT=3S.6 wIDTH=40 . .
- fr-I *
- 178 - H-sG2=wrlw)ow
- t79 ● GLAss-TvPE=GLT X=40 v-o
- 100 * HEIGHT=7.35 WIOTH=158 .-
● 101 *



.-e -

● 104 ●

● 10s ●

* 186 ●

● 187 ●

. laa 0
● leg ●

.lgo.
● 191 *
● 192 *
● 193 *
● 194 ●

● 195 ●

. 196 ●

● 197 ●

● 198 ●

- 199 ●

● 2~.

● 201 ●

● 202 ●

= 203 ●

● 204 *
● 2~*
.z~.
● 207 ●

* 208 ●

o 209 ●

● 210 ●

● 211 ●

● 212 ●

-CAUTION --
-CALiTi(JN--

● 213 ●

● 294 ●

● 215 *
● 216 ●

● 217 ●

● 218 ●

● 219 ●

- 220 ●

- 221 ●

* 222 .

* 223 ●

● 224 ●

* 225 ●

* 226 ●

● 227 _
● 228 *
● 229 *
9230.
● 231 ●

● 232 _
o 233 *
● 234 ●

● 23S ●

● 236 ●

● 237 ●

● 23a ●

w 239 ●

* 240 ●

* 241 ●

● 242 ●

● :43 ●

.-= 9-1 AW=LWB ~ .“ v =0 z=52.0 HE IGHT=8

UIDTH= 198 AZI~TH=180 II LT=50 . .

H-EW1=EXTERIOR -WALL
CONsTRlJCTI~=CU3 X=i98 Y=O 2=0 HE IGHT=t3.2
urom+=23a AZIWTH=9CJ TILT=90 .-

H-EW2=EXTERIOR-WALL
CONSTRUCTI~=CW 1 x= 198 Y=O 2=13.2 HEJGHT=38.8
WIDTH=238 AZImTH=90 TILT=90 -. .

H-EU3=EXTERIOR-WALL
CONSTRUCTIDN=CWI X=198 V=O 2=52.0 HEIGHT=8
WIDTH-238 AZIWTH=90 111?=90 . .

H-R1=ROOF
CONSTRUCTION=CR1 X=o V=O 2=60.0 HEIGHT=239
UIOTH=198 AZl~TH=lt10 TILT=O . .

H-U1=MERGROUM)-FLKTOR
AREA=47124 CLTNSTRUCTION=CUF --

H-IU1=INTERIOQ-WALL
AREA=11140 CONSTRUCTION=CIW2 NEXT-TO’BASKETBALL . .

S MJLTI-PURPDSE AREA - WALLS.ROOF.FLDOR $

MILTI-WRPOSE -SPACE
X=O Y=238 2=0 AZIWJTH=O AREA=74448
VOLUUE=5732496 SPACE-COMlITIONS=3CMP . .

,---- ------ ----- ----- == . . == . ------ ----- ----- ----- ----- ----- ----- ------ ----- ----

- VALUE GREATER THAN NAXIM.IM DF .1OQOE+O7

BP-M@l=EXTERIOR-WALL
CCPJSTRUCTION=CW2 7.396 Y=*B8 2=0 HEIGHT=13.2
WIDTH-396 AZI~TH=O TILT=90 . .

W-NU2-EXTERIOR-WALL
CDNSTRUCTIm=CU t X =396 Y=188 2=13.2 HEIGHT=38.8
UII)TH=396 AZIDX.JTH=O TILT=90 .-

BIP-NU3-EXTERIOQ-WALL
CDNSTRUCTIDN=CW t X= 396 Y=t88 2=52.0 HEIGHT=8
W1DTH=396 AZIMUTH=o TILT=90 -.

MP-w1=E.4TERIOIT-UALL
CONSTRUCTION=CW2 X=o V=18B 2=0 HEIGHT=13.2
WIOTH=IS8 AZIUJTH=270 TILT=90 . .

MP-W2=EXTERIOR-WALL
CON5TRUCTIDN=CW 1 X=O Y=!B8 Z=13.2 HEIGHT=38.8
WIDTH=188 AZIMlTH=270 TILT=90 . .

MP-W3=EXTERIOR-WALL
CONSTRUCTION=CW 1 X=o Y=laa 2=52.0 HEIGHT=13
WIOTH=188 AZIM.lTH=270 TILT=90 . .

UP-EW1=EXTERIOR-WALL
C0NSTRUC11DN=CW2 X=396 Y=O 2=0 HEIGHT=13.2
UIOTH=188 AZIMJTH=90 TILT=90 . .

MP-EW2=EXTERIOR-WALL
CONSTRUCTIDN=CW1 X=396 V=() Z=t3.2 HEIGHT=38.8



● 244 ●

* 2A5 *
● 246 *
● 247 ●

● 240 0

● 249 ●

● 250 *
● 251 ●

● 252 ●

● 253 ●

- 254 ●

● 255 *
. 256 _
● 257 *
● 258 ●

● 259 ●

● 260 ●

● 26i ●

● 262 ●

● 263 ●

● 264 .
. 265 ●

● 265 ●

. >~~ 9

. 260 *
● 2ci9 ●

● 270 ●

● 271 w
. 272 ●

. 273 =

ulDTH=18fl AZIK.ITH=90 TILT=90 . .

P-EW3=EXTERIOR-WALL
CONSTWUCTION=CW ! X=396 V=o Z=52.0 HEIGIIT=B
wIDT”4=leB AzlmJTH=90 T1LT=90 . .

MP-R#=ROOF
CONSTWUCTION=CR1 X=(J V=O 2=60.0 HE1GHT=!88
WIDTH=396 AZI*JTH=lBO TILT=O .

W-Ul=LlM3E~GROLTM)-FLOOR
. AREA-74448 CONSTRUCTION=CUF

m-Iwl=INTEUIOR-WALL
AREA-l18a0 CIMSTRUCTION-CIWI NEXT-TO=BA5KETBALL

m-Iw2=INTEQlcR-wALL
AUEA=llBOO CONSTRLJCTION=CIWI NEXT-TO=M3CKEY

LOAOs-REFORT
vERIFICAIION=(ALL-VERIFICATION)
S_ARY=(ALL-SUM~V) .

WI=SCHErIULE TWU OEC 31 (ALL)(I.24)(1) . .

EIuILOIffi-RES~’QCE
HU-SCHEDULE =HUl mT. wATER=65cmo . .

m



m
Pa



SOL P QOC E S S O R I ?J I. u r L)A7A

82/09/29. 0B:40:25. SOL RUN I

- lru -

. 279 =

● ??30 ●

● 2al ●

● 282 ●

● 2a3 ●

9 2194 =

● 285 ●

● 206 -

● 2a7 ●

● 298 =
- 289 0
.29(3*

● 291 ●

● 292 ●

● 293 ●

● 294 ●

* 295 0
● 236 ●

* 297 ●

● 29!3 “
- 299 ●

● 3W*
● 301 ●

* 3C)2 ●

● 303 ●

m ● 304 ●

Q
● 305 ●

● 306 c
- 307 ●

● 3Q8 ●

● 309 ●

● 310 ●

● 31! ●

- 312 ●

● 313 ●

. 3?4 -
● 315 ●

- 316 =
● 317 ●

● 31a ●

* 319 ●

● 320 ●

● 321 ●

● 322 0
● 323 =
= 324 ●

= 325 ●

● 326 ●

. 327 .
● 328 “
c 329 ●

= 330 =
● 331 ●

= 332 ●

S SCHEDULES S

BB-FEi=SCHEDULE cHRU DEc 31 (ALL) (!.24) (70) .

BB-MASWI=WEEK-SCHEDULE (MON.TMJ)( 1. la)(0)( 19.22)( 1)(23.24)IC;
(FRI)(I.24)(0)
(wEH)(I.74)10) . .

BB-MASW2=UEEK-SCHEDLILE (MON)(~.24)(0)
(TuE.wED)( l . 18)(0)( 19.22 )(! )(23.24)(0)
(TW.FRI)(l.24)(0)
(WEH)(l.24)(0) . .

B8-MAS-SCHEDULE THRU FEB 20 13B-MASWI

THFIU NOV 1 BB-F4ASW2
THRU DEC 31 BB-MASWI . .

H-HTS=5CHEOULE THRU DEc 31 [ALL)(I.24)(62) . .

H-MASWI=UEEK-SCHEDULE (MDN.Tlll)( i.24j(0)
(FP1.SUN)( l . 1.9)(0)( 19.22 )(1)(23.24)(0)

(~L)(l.24)(0) . .

1+-14ASW2=UEEU-SCHEOULE (MON.TW)(I.24)(0)
(FRJ.SAT)( I. 18)(0)(19.20) [J)(21.24)iO)
(SUN.FMJL)[ l.24)(0)

H-MAS=SCHEDULE THRu FEB 213 )i-MAswl
lHRU NCIV 1 H-MASW2
THRU DEC 3; li-MASWi . .

MP-HTS-SCHEOULE 7-U DEC 31 {SLL)(~.24)(65) . .

MP-MASW1=WEEK-SCHEOULE (k3)(l.24)(0)
(WE )( l. 12)(0)[i3. lEl)(l)( 19.24)(0)
(F93L)(I,24)(0) . .

W-MASW2=UEEK-SCHEOULE (UO)(l.24)(0)

(SAT !(~.12)(0)( 13.161(!)( 17.24)(0)
(SUN.}CL)(~.24)(OJ . .

MP-MAS-SCHEDULE THRU FEFJ 29 UP-MASW!
TliRu FSJV 1 MP-HASU2
THRu UEC 31 UF-UASWI . .

HDT-DAYi-DAY-RE5ET-SCH
SUPPLW-}11=120 suDPLv.Lo.6~

OUTSIDE-HI=70 oUTSIC)E-LO=O

● 333 ● MIT-RESET 1=RESET-SCHEDULE THQU DEC 31 (ALL) HOT-DAWI



COOL -SCH1=SC14EDULE l-d DEC 31 (A LL)(t .24)(0)

t EiASUETEIALL AREA S

BA94ET8ALL-2WE
DEslm-HEAT-T=70 14EAT-lEMP-SC1~-@’E-1~
DESICN-COOL-T=SO ZONE-TVPE=CMI TIONED

B8-C ,TUPL=SVSIEM-CONTROL
MAX-5UPPLV-T=120 UIN-SUPPLV-1.60

CDOLING-SC~COULE =CDOL-SCH!
HEAT-CONTQOL=RESE1 HEA1-QEsEl -SC~l=}K)l -@ESElf
COOL-SET-T-6C) ECm-LIMIT-T=75

EIE1-AIR=SVSTEm-AIU
❑ IM-AIQ-sCHZBB-MAS OA-CONTUOL=TEMP

U-FANS=SVSTEM-FAP4S
FAMSCHEOULErB8-MAS rAP4-CONTROL.SPEFO

51JrPLV-KW= .-32
N[CHT-CVCLE -CTRL=CVCLE -ON-ANY

8B-SYS.SVSIEW

svS,rEM-TrPE-MZS ZmE.NAMES=(8a5KE lPALl )

STSTEU-C9NTQOLT98-CONIQOL ZVSIEU-AII?-BB-AI Q

sVsTEM-FANS=B8-fANS . .

S WCUEV AUENA ~

I-bgcKcY.zcNc

CE51CP4-HfAr-T-62 HEAT -TEUD-SCtl-~~ ~11~

OESICN-CDOL-T=BO ZONE -TfPE~COwlllONFO

H-CONIQOL.5VST[U CONTROL
MAK-5uCPLV-T=!?fl MIM-SUPPLV-T-=O

HEAT CONlUOLTUf5ET HEA1-RESEI SCH-FU-@ESErf

COOL ING-SC~~EOULE*CIYOL -SCHt

CmL-SEl-T=40 EcoM3-LiMIT-r’75
. ..-. ----- ----- ----- . . . . ----- ----- ----- ----- ----- ----- .---— -—-- ----- ----- --

-VALUr NOT E!ETWEEN 45 ~ Am -rO m

H-AIQ.\r\lEM41Q

M[H-AIQ-SC14-H-MAS OA-CONTPOL.lEPP

H-FAF4s.;r5TEM-rAN5
rAN SCHEOULE-J~-UAS FAN-CONTQOL.SPEFD
~uDpLV-rW. -32

NIGHI-CVCLE -CIUL-CVCLE -DN-ANV

WLII -PuQPOSF~7nsl[

13FSICPJ lJEAr-T-65 IIEBT ,,”~ .,, l.”~ .,,,:.

DESI-W-COOL-TW130 ZONE -lYrf*COWll IUtJFO

—— ..



w-rms-svsl[u I 4*G
Fnu S~HcC)lJLF-=P-MA’l rA?J-forJIQoL =SP[ED
5’JCPLV Ku= IXW32
F41EMT-CYCLE.CIEL ■CfCLE-Oti-APJf

PAf.PLA?4r .ASSrW&ENT
SVSIEM-MAUES-(BB-SVS .H-SVS .WP-S*S)

svSTEWj-DFPC91
SwAOw-(S3-L]

s RE4~m17EPG44T -En LICK
5 tiAQIABL1- l\PE.@A5KE ~PALL
8 VARIA4?~E -L1Sr=(6. 7.9. jl.12. f4.17.?O)

s EB?.DEFOQI BLOCK

S ‘#AUJABI E-T7~E~@B-5t\

8 VAOIAEILE -LISf-fl.3.~ .S. 17.1.9.20.21.331

s -1-}OJUL7-4?[?12GT
S nEPOUT-sCWELWLE~GSl UEPfJKr -EILOCK-(u6f.Q82 )

[ trl

C_UIE SVSIEMS

J)4PIJr PLAP41



. .’

● 437 ●

- 4-r8 .
. 47-J .

● 44r-) .
. 441 0

. 447 ●

. 447 .
● 444 ●

● 445 ●

. 446 ●

. 447 ●

. 44g ●

. 44-4 ●

-45JY*
● 451 ●

● 452 ●

. 453 .

. 454 ●

= 45-3 .

● 456 ●

. 457 .

. 45q .

m . 4yq .

m 9 46(’) ●

● 46f ●

. 452 .

● 46-) .
. 464 ●

● 465 .

● 455 -

● 46? ●

= 46* -

* 46q .

. 4?9 *

0 d7t ●

● 471 =

. 473 .

● 474 .

. 415 ●

. 476 .

● 477 .

. 47* ●

. 479 .

● 4qo ●

● 491 .

PDL P e oc E s so e INPLF’ DATA

82/~129. 00.40 25. PflL~l
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.c~url~.--.-..-..-.- - -------------------- - -------------------- ..,- . . . . . . . . . . . . . . . . . . . . -WI COO{ [NG TOWER OErINF1l. rrrnl~~ 1 U~Fn

. 4Fj2 . CeUT[ PLANT
● 4133 . STOP
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LDL P 00 C E S SO E INPuT DAT&

e2/lo/~7. 15.32 31. LOL ULJ~4 I

S*-==--** LAYEUS . . ..***~

EXT-WALL-l - LAWE2S
MATEU[AL . (CC33-AL21 .C!j26.AL2 f.c926.ZrC3)
11.f[c~ss - (. s667. .125..5..1667 ..5. .@~5J --

UOOF-LAVE8?S - LAvEOS
WaTERIAL o {9E.>?. lN74-CC33.AC~3 .AL?l.Gff’31
IHICMSS - (.0313c. i667.. 1667. @625. 333- @25) -

cDPUBEIE ● LATEU$
‘#AfFU,AI z (cc@-)
T141wEss = (lo) . .

W-fW3(2F-~AVEUs . LAI~P~
MAl[Q~lL . fccy3.E4ro:.cco-)
THjCKNEss - (.25. .13025. l.o)

13LOCK-LAfEdS . LAYERS

.
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✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

marEQ[aL . (CE126.CpnY)
T14~cw~sS ● (.5. .~25j ..

TCCQ-LAVERS - LAVEUS

❑AIEI?[AL _ (CCOT.AL2f .CCC3. IrJ77J
THICUNEss ■ (1.0..25..3333..1667) . .

SIEEL-OOOR = LAYE~S
●ArERrAL ● ([W)!)
lwlc~ss = (.g9) . .

STEEL-qs - LAwEDS
MATERIAL _ (AL21)
Tl+ICKFJEsS ■ 1 0q?3) .

MALL HAS ~ HEAT CAPAC[TY. u-VALUE MILL E!E CALCULAIEO Am uSED.

S=-*-=-* CONSTRUCrlUNS . . . . . ..$

PQE-cAsT-cowRETE - c~=l-ucr[f?N
LsfEPs - E1l-WALL-l
AE!SCQPTAWE . .55
~ss- 1 . .

A?OOF-CON; ● CONsTRUCTlmJ
LA~E95 = RDOF-LAfEDS
AESC)aPrAFJCE = .5
o~ss- 1 . .

LPU)EU@~~OOF - CC”JSim~IIL”J
LArEOS = UN-QOOF-LAVEES . .

CONCBETF-FLOOO w CO”JST~T:OPJ
I.AvEUS = C~tCRETE . .

POUDED-C~RETE - CO!4STUUC11CM4
LAYEUS ■ AS14U-40 . .

COKQErE-ELOCU - CONSIELKIICW
LAYEUS - EILDCK-LS’fEQS . .

P83-wALL = cONslRUCllDN
U-VALUE = 10 . .

TCCQ-WALL s CIMsrPIJclIcr#
LAVERS = TCCQ-LIVEGS . .

slEFL-PAMEL-OOOU - CEWlslGLICllON
lA,EUs o jTE[L-(’OQR

AI?<CGPTNKE - .B
f?DuHEss - 5 . .

00~L-UP-OOOR - cv~lsrwcrfrmi
L~”fEQS = STEEL-POOHS
ABs9RPlAP~E = .E1
ROUwEss . 5 . .

r,LAS\-noGff - GLAS5-TVPE
PAPfts - I

GLASS-TVPE-COOE - io

S*-*=---* SFACIFS - ~I~ST ~LO~Q . . . . . . . .~

cot~llBGDJs . ‘sPAcE.C~P~~Tlom~s
rEOrLE-WIIErY;Lr - rEorkE-1 ]c}srs
PEOPcE-W~-L4i - 2-9



lUisONIC-CWf = QCtG~
CC’i5.lCUCTIC~J - GI.gr -COrJS
FIEIQir = 4:.Oq bIOrH - 69 9
LOCATION = TiJP .

CmUSTIl?-:-EAST - !MTFCICQ MALL
l{E[-#{T = 19 ~ ‘-loll+ = 35
LU-4T[r.J - 9[(>11

CCSJ5TC’JCIIC”J - CCVJCQEIE-BLOCK
NExT-10 = 7fil:.C”JIC



NExT-TO - L08El Y-f . .

~S1lOrl-SCLll\l - E=lf QIcQ-wALL
C~;~IQlJCIl!3?J = PDF C851-C13?4CWE1E
HEIGHT - 19.5 UIOIH ■ 41.94
LaA1l~ - ‘QaJr

C~Sl:ON MQT}! - l)Jr EQIOQ-WaLL
HEImr - r3.5 M1OIH - 4s.94
LOCATIL-YI - ~Acu
CCINSTQ’XTJ~i . CWKUEIE-9LOCK
NJEx1-TO - MJQIH-LIMRV .

CHSrlO?l-~LOOU - I!!TEQIOU-WALL
ILEICHI = 35 dlDr4+ - 4!.94
LOCAIICSJ = FOiTfCM
c43rJsTmJcTIrw . cHeEIE-rLooQ
NEX1-10 * swrP

c~sTIosJ-Gm: . uoor
COPJS12UCTIPM = ~rwr-co~ls
}IE15HI = 36 “dIOTH = 4~.94
LOCATION = IOP .

P83QTH-L088f - SPACE
~=~3.8B V.as 2.15
S14ACE - al-).
HEI~>li = 19.5 WIDT)I - 63 a DEPrti = 5.8S
sPACE-CC~.3[T[cPJS = re”.g[lIoNs
LICfiTIFW,-l#PE - :rJCA%O
LImrIfK-KM - .24

AIJt-~NGESfHQ - 1.9

~UTH-LC!Elgf-F@a114 - Exlrqlcm-uill
HEIG41T = *? 5 UID;II = 6? a
coh;,uu~?lc.: - P9E-cAsr-co4KaETE

LOCATIO% = @AC4

NJRTH-COC= = bl~KrJ-lu
GLASS-T.PE = GLAs~-OmQ

x = 43.9 Y =g
FJFIQI1 - 17.6 dlor~l . 2tj

MYOTH-L0913V-FLOPQ - IVIEUICIC-UALL
Hclr>iT - 5.PP
UIOTH = 53.?
~04--rl~.l . rrylT~B9
cOhSrLUCTIo?J = C13P,cG[lE-FLooe
NEXT-TO . LOE!GV-A

NJOTH-L@9Rf-POOr = mmr
cmsrwcTro:l ~ WPFCO*4:
HEICMT - 5.8cI wI121H s 60 9
LOCATION = TOP

L086f-1 - ‘3PACE
“ - q3.me v-o 2.15
:}4SPE - Elox

0.

.



A]R-CHhUGES/HQ = 1 0 .

L~BV-1 F;oCrH = [PJ~EQIC~-UALL
p~J<llr - !0 ● WIOIH = 29
L@CAllfl~J = FACK

COPJsTQLKTICISJ . PJf.KALL

NExT-TO = PJOQIM-LOE13V

L068f-t-SCIurtl - E*.lEQII?Q-u2LL

CO~:SrJ?LICTI!:~4 = PWE-CAsl-CUt:CQFTE
}4EIcA11 = !9.5

U[:>lH - 2P

LCCATIOW = FCONT

LG~V-1-U007 . QoDF
ccPJslUUCT:CN = POIF-CC”JS
H~[,-Jlr - 35 WIOT!i = 29

LOCATION - TOP . .

SJJOSONIC - sPAcE
LIKE TQIsCtJIC

Y.cl b“lgTH = ~~-eg
MTJ85L7-CIF-PECPLE . 6
L1CJ471tJ5-kw = 7.t
ECUIF-SC~lEL!iJLE = rlVE-HOUQS
EOUIPMENT-KS = !50 .

SLM50t.lC-k’EST - FITEP!CQ-WALL
LiKE lFI!jrJNrC-EAsI

LOCATION * LEFT .

SU8SONIC-[AST = I~Jl[D!uGxAIL
}I:lqfr - IQ 5 MlrJlll - 41 Fjn

LoCAri~-J . PII’JI1

CCVSJC1_’CllC!”J - C@UeUErE-RLOCU

NExT-TO - L095v-I .

s**=*..*.- SDACES - LO=FO LEVEL A . . . ...1



s+x3P - SPACE
<$lA~E - EOX

I! EIG!{l ■ 15 WIDIH w 111.13
@EPTH = C1.8~

SPACE -C~?~ITIONS = COmITIO?JS
mEU-a F- FEOPLE = 4
LIr#+lING-Kti = 10.4

E5UIp-SCHEtYILE = F[VE-H3iJRs
ECXJIP*N1-KU - SO . .

SI-U3P-M!QIH = NERGDOUt~-UALL
14E1CJ!I = 15 WIDTH - 11$.8
LOCAll~l = RACK
CONSIRUCTIm = POUUED-CONCUEIE

SWP-SWIH = ExTEQIOU-WALL
CO?JSTRUCTIUN - r5UQE0-CCrJCpETE
HEIGHT = 15 wIoT14 = 111.8
LOCAIIOW = FI?ONr . .

HP-1 = Pm3Q
HE I C*{I = 1! 25 h[ol}l = !4 o

CONS~PUCTION _ QOLL-UP-500Q
x=35
V=o..

5~P-FLO04 = US3EErA@J”:0-FLOOQ
tl[rmlr = 41 r?g Wlrll}l = It! R
LOCA11!3fJ = EOllO~~
COidSTRUCTION ■ CONCEETE-rLOOU . .

HP-EAST = IMTEOIo~ UaLL
HEIGJ:T = 15 MJDIH = 41.Be
LOCAT]!YJ = UIC#il
COMSTRUCr]m# = CONCRETE-BLOCK
NEXT-TO - L08f3Y-A . .

L088V-A - SPACE
x = 111.8 Y ■ 5.08 z-o
~)4AFE - Box

}IEIGHT = 15 wT@T}l = 2EI DEPTH = 36
sPACE-COr~llIoNs = C@P~1110PJ5

LIrilT1f%-lVPE . IFJCANO
LICATING-KW = 1.96 . .



.’ .’

bIa:}l = 29
LOCATICJ.J = Et91Tsu
CONSTQUCTi~J = COt4CQEl E-FLOOR .

~TH-LC5Ef-SCl’Jrl~ = E’IFQILVU3LL
cU@JsIcucTIoP4 - r f:,fQED-~~cE rf
HE[Q4T = .5 tilort{ - 2r3

LOCATIO’J = fQONl .

1.08Elv-A-W’?U . #1t40C!ti
Gl_&ss-r,~E - GLA5s-DoLrn
X-7 .f=f)

HE;C4JT - if 25 ulnl~{ = !3.5



LOCATlrYJ = 5011C”~
CONSTRUCTION “ cOpJCQFr E- fLOOU . .

MEC14ANICAL-NORIH = L4rXJEr=GGOUli0-UALL
HEl C4il = 15 b’[@lli = 84
LOCATIOrJ - RACK
CONSTRUCTION = POURFO-CONCHEIE .

lEsT-CELL = SPACE

X = 223.9 Y=o z-o
=JIAPE _ Box

HEIGJ4T = 15 MIr31H = 56 @Frlt4 . 58

SFaCE-CoM); lJorJs = CfVItllT10pJ5
L[e~lTIP~>-TVPE = INCANO
LIGHIIF&,-KW = 8.4 .

lE3T-CELL-5@IJTH = ExTE~If?lY WALL

coFJslQuCTICPJ - PcuRED cor#_REIE

HEII-44T = !5 w1c4T}I - 56

LOCAIIC?J = FUOtJT .

TEST-CELL-YKIGS = @OOP
ll~inl{l ~ 110 “210TII - Id
corJsTQucTlrl*J = Po[L.Llp coon
w- 0’.=0 #~TJL1lrllER = 4 .

TEsT-cELL-kALI- = uNuEumOurJmtiALL

F+EIc24T = l= ,drnl)t ~ 114

LOCall@~J - PACK

CONSIGUCIION = PO!M?EE4-CO?JCREIE

TEST-CFLL-QOI’Jr - lJF.~fCGIYOU~::~-WALL
HE[rJii = 5!3 xIc)r}# = 56
LoCArl@-J . ioP

CONSTUUCTIOt4 = lJ?~EUGCOUNCWOOF

TEST-CELL-FLOOR = UNDERGROUND-FLOOQ
14EIC31T - 58
wIoTl# = 55
~fJ~Ar~”., - ~ol~~.,

CONS1OUCTIO?J = COcJCREIE-rLOOR .

TEST-CELL-CU - SPACE
X = 279.9 Y-o z-o
5b4ArE a Box
WEIG41T = 15 WIPTII = 54 r)qPrH - 5S
SPhCE-CuPmITlrJ!J5 = CLIW)ITIC?JS
FJU%EQ-OF-PEOPLE - 13
LIGJ4T1r4G-KW = 5.2 . .

TEST-CELL-CQ- SOUT}I . E~IEQlt_)RkhLL

CONSTRUCTICN = F’YIQFO CONCQilE

llE1Q4r = 15 UIIITH - 54

LOCATION - f440PJr .

TEST-CELL CQ-POC~ = ~“”iQ
HEICJ!l = !! a[~rll = ~
Corlslcucl 14YI = Sr[EL-PAPJfLPCOR

X-106 W.(? MULTl~LIER . 2
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BUILDIPJG-9ESOUQCE

TEsT-CELL -CS-FLflaR = lJP:[’FPGCnU?JD- rLOOU

}iEIG)iT = 5~ k[olll = 54

COrJSTUUCTIO~J . COFJr_UETE-fLOOLt

TEST-CELL-CQ-lNT = INTERIOR-WALL
},::G)IT = 15

u101H = 170
LocATJ~:J - pArK
co~JsrRIJcTI(j,J = l(.rP-WALL

NExT-10 - lES1-CEIL .

l+W-sIllECIJLE = FIOFLE-LIC,lilS

~T-WATER = 47CM3 .

LOADS-REPOR1

suwARv - (ALL-sur4MARYl

EPIO . .

CUU7UTE LOAP5 .
IrJPrJr s/srEMs .

-4
u-l



SOL P ROC E S S O R [NPUT DArA

82/10/17. 15:32-31. SOL RUN 1

HEAT-S,:}lfOULE

CUOL-SCHEDULE

ltEAr2-5C14[OULE

COOL2=SCHEOULE

TMTLJ Msr fs (ALL)
(! .7)[62. 5){8.17){70.5 )(ltl.?4)
THQU SEP 30 IALL)
(1 .7 )(52.5 )(P. !7)(70.5)( IE.24]
THaU DEC 31 {ALL)
(1 .7)(62.5)(!3. 17)(

T}u7u uAf t5 (ALL)
(f.7)(57.5)(e. 17)
ltmu sEp 30 (ALL)

[1.7)(57.51(9.17)
THPIJ EJEC 31 !ALL)

70.51( IEI.24J

75.5)( 18.241

75.51( lf!.?4)

(1 .7)(67 .5}(8. 17)(75.5 )(18.24,

‘,IRu Bav 15 IAIL)
(1 .7 )[60.c)(e.17)(6e.@ )(lB.74’
THQu 5EP 30 (ALL)
[1 .71(6~?.0)(8 .f7)(~B. O“~R.24
T}4QU OEC 31 (ALL)

(1.7)(60.0)(8.17)(68.0)(

TIIrmMay 15 (nLL)
(1 .7!!9c?.c)( P,17)(7e.o)(

T~lQLJ SEP 30 (ALLI

(f .7)(99.01(a .fTJ(7t3.olf

THRU OEC 31 (ALL)

8.24

62.=0)

62 5)

62 5)

61.5)

57.5)

(67.5)

(50.0)

(E.o.o)

(60.0) . .

)(’30 0)

J(90.clt

[1.7)(90.0)(8.17)(79.01( !8.24)[00.0) .,

HEAT! = SCliEDULF T~WU DEC 3! (ALUI
(S .7)(62.5)(8.17)(70.5)( 18.24)(62.5)

COOL1 - SCHEOULE THQU OEC 31 (AI-L)

fl.7)(67. 5)(8. 17)(75.5J( lt3.241167.5)

MIN-AIR - SCHEOULE
THQb DEC

M[N-AIR1 = 3CHEGLJLE
THRL’ (2EC

MECH-HTG-SCt!EOULE
T}ln!J

II1=(J

TF42u
ME~H-cLc.sc}4EDu:E

31(ALL)( 1.:)10)
(e. f7)(.@ul)
\ 18.24)(0) .

3t[ALL)(f.7)(0)
(8.1 ?)1. 12)

(18.24)(0) . .

MA ( 15 (Al.! )(1.2.4

SFP 30 (ALL)(I.z.!,

17Ec 31 (ALL)(I.24



S!-FANS . sf_-IEoIJ~E

lt4Qu DEC 31

TEsT-cELL-HEAT . 5C}IEDLJLE

lHRU CJEC 31

LCt3Uf = SCHEGLILE

(.#i3J(!.~~lel

(l?.!?)(l)
!l13.241(f~l

(91E~!l(l.24)(0) .

(ALL)(I.24)(60) . .

DES](TXI ~lEA1-T - TO
t\E.?-TEMP-sCf! - }I:5TI

oE’51GrJ-c!30L-l = 75
CCOL-TEUP-SE~l - C(1OL 1
TH20TTI-[NG-RLINGE = 5.0

slJa\tJF;:c * zCt+E

$ AS5,1GNEo-CFM = F677

@FsI~4;-l{EAl-T=70

}4EAT-lEMF .ScIi.}I:A r2

DESIQ4-COOL-1 .71
c@~L-lEM~-sC$i=:l_)C: 2

THERM~STAT-TYPE=TMO-F051 llDtJ .

LOE6t- ! - ZCD:E

S AS-515?;ED-CFM

ZONE-CONTROL

SHOP = ZC’F4E

S h5S,1G-lED-CFM

ZOpiE-COIUTROL

cOMP.IJSTION - ZV?:E
s m5-,IcrJEn-cFu

ZONE-CONTROL

TQISCIF,IC _ Z’JPJE

S A551WJED-Cr?d

ZC!’:E-CONTQOL
MEcHAFJ[CAL = Z~-)mJE

‘ ?85
= Z-CG~JIQOL .

. f?Qy

= Z-LCF4?U3L

ROL

Q(JL . .
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}JEa T- TEMp.5c H . lF5T-c ELl -H-IT

A5sIG.JED-cFh = z277

OE:I~V-COCL-T . On
HEAT~w-cAPAclT~ - ‘136-

7ES1-IELL-CR - ZONE

Z9’.E-CCNTQOL . Z C7UL
AS51G?:EIJ-CFM = 2563
HEAT1N5-cAPaC If= - 154v.9
COOLING-CAPACIli = 924CF.J









4~PEFJflI)’R

Ecm{owl: AN R.Y5!5

1. [CC)NOAI;” AW.Y5Jt. W LNLNGY CU:;5[kY4Tlrlh C)!J(’W?TII!;:T:; .S

All proposed energy conzcrvation opportunities (ZC05) were ovhluat~?fl

●ion lnve$tment ~~ogram (ECIPIusing the Department of @efcn:e Energy Conserva.

Guidance dated July 22, 19S1. These guidelines require a two-part economic

analysis consisting of a documented ‘ost estimate and a llfe-cycl~ r~ct

analysis for each dltprnative or comh~nation of ~ltsrnativ?f, t~lii!. rot?r,!it.it.~ o

project,

A. Econamic Criteria

The econcmic criteria applied to each

as followz.

1. All projects must he cost effect

[CO are prescribed by the qlliddnce

ve, that is, Bcn6fit/Co~t 2J:io

2. All prcjects must produce an ~nerqy-to-co~t ratio ([/C) rqu~l to or

greater than 15.

3. All discrete portionc of e~ch project, that i~ iCOs, mu~t m(’~: I)l)th

the ~1~ rdtjCl r!lnimum rPq~Jir(!mrnt!,dnd be Iifc-cycle co$t eff(”::iv~,

4, No m)re th:!n ?5: of tho total ,Ynnual z(~viflq:,‘:,h(]llbr dttrihll~~~(!!()

nonenerqy cources.

~ Economic Pardmetcrs—. --
We were inztructeciby th(!Air Force Academy t.{)apply thv LWIQ tjconolnic

pdrametcrs .IsIJLd fo.’the FY 1903 ECIP submittals,

1. The short-term differential ~~calatinn rates applied to the end of

ttlefist, 1 year in which construction was programmed wrre:

Design 6.()%

Construction 6,0%

Supervis

Fuel Oil

Electric

2. The long-term

present worth

on, inrpcction, ~nd overhmd fl,0:,

14,0:

ty 13.():

diffcr~?ntidl PscJlation rdtes fc!rcomputing the

of r(’currlng anrlunlco$ts/lwncfits wnre:

M~intcnance aIId r(!pair; O and M o,0!;

Fuel oil P ,():,

[lt?ctrlrit,y 7,(y’

&Y



gl.29/gal. )
~ ~o(i ~tu

Fuel oil: ‘{13
6

6,700 13tulqdlr’ = ‘q”30’10 ‘t””

F’,11>1 oil:
:+- x (1.14+ = S13.79/]06 f?tll , and

Fuel oil: $13.70/106 lltu, (lrld

~lcr!ricit-y: fJ[LWlo6 Btll x 3,fl13/ll,(wo* - )!3.07/106 Iltu.

The latt~r rattps~t’u~i)qt “,dving~
6

in FY 19f14Jollart for every 10 5!u’!;

saved at the source.

Although natur~l gas Is consumed by the botlers “supporting the high-

temperat.ure water distribution syttmn, the Air Force Aciidemy inztrur, ,4 IJL to

evaluate energy cost savings for the n~tural qds Imting !Iy%tcmon the bacis

of equivalent fuel oil prices dfId furl 011 esclllatlon.

II, M~’thodoli~—!---- --—- .,.
The first stop In the economic l~nnlyci? of an ECIP projt:ct is to Ih’vrlop

a~ullcnt Working Estimate (CUE). Wc wrrt! instructed h,ythe Air Forcn Ar.ddumy

to dcvrlop this ~~<tim(ltehy calculating the m,~ximum ,mmnt of rdpit{ll thllt



electricity, respectively.

COntingen:y at !5;. - (! ~; P...

Unescalated CWE =!.1? P

CWE escalated to end

of FY 1994 = 1.15 (1.06)3 P = 1.37P

IJnescalated design at 15:. ~ Cl! ?

Design escalated to end

of FY 1983 = 0.15 (1.06)2 = o.le P

Salvage Value = 0.00 P

2. Recurring cots.

Additional O and M at 3?; = 0.03 ~

3. Maximum ca ital investment.
+

For fuel ~il, one can afford to inv~st.—
$95.24 for each 10 Bt.u saved at the building hounc!ary for prr~Jcctswith an

economic life of ~ither 15 or 25 vc,ars, For Plpttric!!.y, onk~ c(]n dffot-rlt,n
6invest %103./35 ana S148.81 fop each 10 !ltu t~ved ~t Lhr hliildlnq l)O~IIII~I-,V

oil, the economic criteriun that {~stal~lijhcdthe maximull! invest:uenf, is the E}:

r~tio = 15, aridfor electricity, tne B/C ratio = !.0. An cxdmple illustr~t~s

the development of ~he maximum capital inv~stment,

Let us az~ume that a project has a C!dfof t95.?4 iind dirpl(]c~~ !.(! x

106 Iltuof fuel oil dt the building hounci~ry. ‘hut,

()$95.24Oczign cost = 0.18 P = (.1O) ~ n S12.56.

Salvage cost w 0.0 P - $O.OOO

()
O and M cost - 0.03 p - (.03) ~ E $2.Oq.



F!i



s .2 .- :(5

$ :, ----
1.



LUJI>

Ran=re:urrin; Intttal Capital Costs:
a. c~’~
b. !ksfgn
c. =~l.m-’c-

Total
9:ti[!iTs
2. Recurring Benefit/Cost Differe-tlal Other Than Energy:

a. Annu~l Lhb3r Ce:rease (+)/ln:rease (-)

~. Annual ~~terihl &crcase (+)/j ncwa5c (.)

Other Annual Decrease (*)/Jn:mase (-)
d; Tot-l costs
e. 10: Dtscount Fa:tor
f, Discounted Re:urring Cost (d a e)

3, Pr:urrlns tne~g~ Benefit/Costs:

.

4,
s.
6,

i
9.

\L

h. Ttit

I3J hnu~l-bli ai Dtcmtse/lncretse [(1)1[2))
4) Differcnt{al [~calatlon hte (_S) Factor
5) Discowted Dollar DQcmtse/lrIcrwtts((3)x(4))

d, 7;pe of FIN1:

II
Annu~l lnc~y bt:nase ~ (-)

2 Cost Der MBTLl

$’

!l7
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FORM A-1
ECIP ECONOWIC ANALYSIS 5UMMARY

b. Mslgn
c.
d . Total

n~~[~]ls

2. Recurring Bencflt/Ust DfffcrtntlalOther 7h#n Encrfiy:
4. Annual Labar &cr@asc (+)/]ncftase (“)
b. hnual ~teri~l Dtcrtast (+)/Incm#sa ”(-)
c. Other Annual Otcretu (*)/lncmsr (-)
d. Total Costt
e. 10~ Dfscount Factor
f. Discounted Rt:urrfng Cost (d x e)

3. Re:urrln~ EntrgyBentflt/Costs:
h. Tne O?FUQ1: =lp-+. ;,,;4u

(1) Annu#l LncrRi Dt:roate7*)/lncrn#se(-)

II
2)

:
s

b. T ‘t

7
II

;
3
4

c. 128
,

, p

1
?
3
4)
5)

d. T;pt

p2:
Sj

s

_4?-_j-



3.

4,
5,
8.

t
9*

c. Other Annutl OtcrefIse {+)/l ncmase {-)”
d. Trltil Costl
t. 10: @lscuunt ft:tor
f. D!;countcd Ftc:urrlng Cost (dx e)
Re:urrlhc [ne-ay Benefit/C.osts:

UETu

:=3
3
—— .
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TABLE R-[

ECONWIC SLVMARYGE ENERGY CONSERVATION olJTloNs Fof.fVANDENBERG HALL

Estimated
Energy~Use

(BtUlft’Jvrj

120,834

120.369

116.661

116,944

115,?61

94,320

103,35G

114,637

119,902

120,532

90,887

I?4,6R1

8;,217

eI,730

Maximlm
InvP<lmcnt

...
3—

.-

11,0?3

236,617

222,?17

7,463

1,517,967

1,001,360

720,150

53,34?

17,068

1,715,’ia6

1,935,Q66

1,947,771;

7,19,4,737

Dl\COIUntPd
Benefit/

Lost ~atlo

.-

1.000

1.!359

Lif~-[ycle
Co,,l

(s1 mo).—-—t.—

n

.777

Z Energy
Reductlnn

-—

1

4

s

2

22

15

5

1

1

25

30

30

32

‘3ption

Ba>elinc, as-built

Reinstate economizer

ZOW themmtats for
baseboard heaters

Tunnel preheat of

ventilation air

Reins:ate radiant

heating

pun-around heat
recovery lmp

Min:nize ventilation

rates

lmpruvp fanl~tar

efficiencies

h~ght insulation

on windows

l~rovc wal; dnj

.

1.

2.

1.

a.

5.

6.

7.

a.
&

9.

10.

--

1

34

36

1

24?

160

10

9

3

274

2R4

2PG

391

354

3,172

2,956

1,423

20.152

13,287

4,710

708

229

22,764

?7,Z?5

27.Q25

2q,7?~

36.5

15.0

15.0

215.7

15.0

15.0

24.2

15.0

15.0

15.0

16.n

16.1

15.4

3.410 .<77

1.000 0

3.396 .3.673

3.413

1.000 II

3.410

4.118 .<7

roag insulation

il. Cwbine opliGns

6 and ?

i2. Crmbine options

6. 7, and El

13. Cmbine opt,ons

6, ?, .9, and 2

14. Ccrabine nptions 6,

7, g, 2, and 3

3.399

3.1?5

3.114

2.951



Option

I Elaselirw. as-bui!t

2. Solar OHU system

Gption

1. BdSel:tIe

2. I!lilitytunnelhedt
G recovery

3- Peduce the-stat

S?tting

b. Add roaf ins~!stion

c. . Combine cptions
? and 3

6. C*iw options

7, 3. and ~

Esti-a!t?l
Annual Saiings

MOO 1136Btu——

-- --

1?!3 10,513

19 1,73?

159 ]3,357

15.0

:$-f)

15.0

!5.0

Pax imum
1nves~ment

~

--

795,214

35R.273

131.015

1,007.161

1.121,506

Par i’rll-
ioti=z!mO=rL

(.s)

.-

7n.e4]

Ilisr.ount?d
Benefit/

Cost Ralio

--

1.636

Pi~counted
flOnefit/

Lost Ratio

--

3.479

1.854

3.039

3.354

3.317

Oi.,roun!.fid

?mnpfi~l

Cq>t Ratio
.——

--

h.7?fl



TABLE B-Y

ECOMHIC W@tMY W EKRGY CONSERUATlfJH CPT IONS Fm AERONAUTICS LABWtATORY

Estimated
Annual Savin~

S1.a?o 106 atu— —

106 Btu Saved
per $1~
1nvested

Esti~ted
Emprgy Use

(Btu/ft21yr~
:; ;wrgy
ReJuction— ——

--

Max inwn
Investment

(s)

--

-.

22,778

3,695

29,56?

--

43,294

102,504

Discounted
Benefit/

Cost Ratio

--

--

2.059

2.666

2.261

--

2.169

3.162

Discounted
Benefit/

Cost Ratio

--

1.0

2.846

3.244

3.640

1.00U

Life Cycle

Co>t

(s1000)—— ---.—

--

-?4

6

-31

-51

222

Life-Cycle
clJst

_J.$.1.,F!).

[1

35

-8

195

1)

Opt ion

1. Baseline, as-built

2. Adjusted baseline

3. Seasonal heating
ad cwling

4. Hi@t setback
in Iotbies

5. -d cmtrol

6. Evaporative cooling

7. Ctiine options

@ 3~d5

Et. C~ine options
3. 5, md6

446,448 .- .- --

462.EX5 —

3

-- -- --

450.826 3 302 15.0

1 1 49 15.0460.896

447,244

469,612

440.CBX

3

-1

5

5 392

0 -170

7 574

15.0

--

15.0

408.?56 12 15 1.359 15.0

TABLE 8-VI

ECONOMIC SUPWRY OF SOLAR CP1[ONS FOR AEROMUTICS LA80RATtMY

Estimated
Annual Savings

S1.CX30 106 Btu— —

106 Btu Saved
per S1OCXJ
Invested

Esti-ted

(%;%;;)

462,846

U5,692

49,896

460,856

423.920

461,134

Maximum
[nvestment

_-@!---

--

4,489

18,857

3*77i

73,766

2,021

: Energy
Reduction

--

4

2

1

8

1

Option

1.

2.

3.

4.

5.

6.

Adjmted baseline

Daylighting

Tr~ wall

Stmspace for test

cell classr-

Accef~l ar heat ing

10.6CR3 gai.

Solar OtiU, 120 ftz.
215 gal.

-- --

1 431

3 250

1 50

liM.6

15.0

15.0

13 9?8 15.0

0 43 24.1
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ECTP ECONOMIC ANALYSIS SUMMARY ,,

bwJIJ

17kn-re;urring ]nitftl Capital Costs:
a. ‘.
b. ksign

c. %L1U3 Q<.

d. Tetal
B~~[~]l$---
2. Recurring Benrftt/Cgst Differential Othrr?han En@rBy:

h. Annual Labar hcrease (*)/Incretse (-)
~. Annutl P!aterialhcmase (+)/lncmass”(-)

other Annuhl Decrease (+)/lncmase (-)
d: Total costs
t. 10z Dftcount Ft:tor
f. Discounted Re:urrtng Cost (d x e)

3. Re:urrlng [neroy Benefit/Usts:
6.

b.

cc
.

d,

Of FuQ1: F~*k ~. ! \

Annual ~ntr~ De:rease (+)/ln:nace(-)
Cost gerRBIU
Annual Dolltr Decrtase/Increase ((1 x(2))

1Dlfferentltl Esctlatton Rste &t Factor
Discounted hllarMcnase/lncnase(3)x(4)

Cost per MBTIJ
Annunl Cbllor Decrease/Incrwtse[(1 X(2))

1Dlfftrcntfal[scelatlon Rtta (LS Factor
Discounted Ibllar Ck:reRse/lncmtse ((3)x(4))
of Fuel:
Annu~l ~nergy De:ret$e + /Jncmast (-)
Cost srllBTU

!Annua Dollar Decmase/Increate ((1)X(2))
DlffercntlalCscilatlon Rate (J) Ftctor
Discounted hlltr~c~ase/lncmasc ((3)x(4))
of Fuel:

. .

Annual h~y hcmtte (+)/1 ncmso (D)
cost ptrmBTu
Annual Dollar Decmatt/Incrtts@ ( 1)x(2))

1Dlfferthtlhl Ctcalstlon Rate (,S Factor
Dltcountod bl!ar Chcmso/Incrotse ([3)x(4))

4b!;t,!B@ntf!t8~Sw7[f*3ej ~
ltcountcd nerg Ben ffts (3x( S)t3b(5)*3c(Shjd( 5)) ‘

6. Dftcountod Otnt it/Cmf, htfo Lint dollnc Id)
Tam

6. Tottl Annual fncrgy Stvlnt (Jo l)+3b(l)+3c(l)+3d(l))
w~ti+ ,

?7. [/C Rstlo (Lint 6+ Lint s/1000)
a3

,,

0. Annual S Stvlngs 2d*3t(3)*3b(3)+ 3c(9)+3d(3))
[

s
S. hy-btck Pcrlod ( Lint 1s ● Solvape)~lfnt 8) >. J:.
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[CTP ECONOMIC ANALYSIS SUMHARY

B:#IiITS”
2. R?curring Brneflt/CostDffferentlalOther Than Energy:

a. Annual Labor De:rease (*)/]n:rease (-)
b. Annutl P,aterial&cmase (+)/lncmast”(-)

Other Annual Decrease (*)/ln:nase (-)
~: Total Costs
t. 10: Discount Fa:tor
f, DiscountedRe:urring Cost (d I e)

3. Fc:vrrinq [nerov Benef~t/Costs:
a.

b.

c.

d.

-.
of Fuel: e~el :.!\
Annual [ntrQk Decrease (+)/lncr8ase(-)
Colt per KTU
Annusl Donor &:wase/Incmase ((1 x(2))

1Dlfferentftl Escalation Rate &t Factor
Discountedtblltr Decmase/lncrease(3)x(4)
of fuel; C,e .-. ,-,44
Annual ~ncr~ *crease {+)/1ncrtate (-)
bst per llBTu
Annuol tkllar hcrease/lnc~nS? ((1 X(2))

IDlfferentlsl [scalntion Rate (LS Factor
Dl\:ounted klltr De:rease/Incmase ((3)x(4))
of Fuel:
Annual knemy DC:re&st (+1/1ncmtse (-)
Cost PtiMB~ti

---

Annual klltr Dec~ase/Increase ((1)X(21)
D!fterentl~lElc~lttlon bte (_S) fbctor
Dlt~ourtcd bllar~cmase/lncrnssc ((3)x(4))

Cost perMB7U
.-

Annwl bllcrhcrw8e/IncrctSe ((1)x(2))
Dlffrrtntlollsctlatton hte (_t)Factor
Dllcounted Cbllartbcr8ast/lncmttt ((3)x(4))

‘[,,



B~~~~]Ts-
2. Recurrfng Benefft/CestDffftrmtltl Other lhBn Energy:

a. Annuhl Labar Lk:res$e (+)/] nCrtB$t (-)
b. AnnutilMaterial thcmase (+)/Incmtc’(-)
c. Other Annual Decrease (*)/lnGnase (-)
d. Total Costs
t. 10% Discount F*:tor
f. DiscountedRe:urring Cost (dx e)

3. Ue:urrlng Energy Benefit/Usts:
a. Tfle-of Fu~i: ~-Ap\ e,~l

II

I1 Annual [ntrl~ De:resse (+)/lncna$e(-)
2
3
4
5

Cost per IlS71J
Annual Dollar Decmase/Incmase ((1 x(2))

1DlfferentlalEscslstlon Rate ~% Factor
Discountedhllar Decrtase/Incmt$e(3)x(4)

c.
,

d.

Cost erMB?U
!Annua Dollar Ckcwase/lncreBse ((1)X(2))

Olffercntlal Escalstlon Rxte (_S) Factor
Dltcounted bllarhcma$e/lncmask ((3)x(4))

,72

Q— .—

*



[Clp ECONOMIC ANALYSIS SUMMARY

Lu>l>

Hm-recurring Inltlal Capftal Costs;
a. Cn[

B:~~F]Ts ---

2. Recurrfn~ Benefit/CostDifferentialOther Than Energy:
a. Annual Labar M:rease (*)/Increase (-)
b. Annutl Material UCma SQ (+)/]nC~~SO(.)

Other Annual De:rease (+)/]ncmase (-)
:: Totll costs
t. 10% Cfscount Fa:tor

Dl$counted Recurring Cost (dx e)
3, [~:urrlng fnergy Benefit/Losts:

,

of Fuel: r.,r( c-( !

Annu#l [ntr~ De:re~s? (+)/ln:m#se(-)
cost DerPJlu
Annual Dollsr Decmase/lncmase ((1 x(2))

1Differeatlal Esctlatlon Rate ~% ~actor
~;s;;;;tedDollar ~:~tse/Incrsa$e (3)x(4)

:-—= A WI.*~ ‘4
Annual ~ntrw Ckcrease (+)/1 ncrtase (-)

b$t pcrMBTU
A.r,nuulmllar &crease/l ncmast ((1 X(2))

1Dlfferentfal [scalation Ratt (Lt Factor
~~s;~g;~eCbllar &:rcase/Incmtse ((3)x(4))

.
Annu~l kne~y Oc:mtse (*j/Incmise (-)
Cost per MBTLI
A~nual Collar tkcnase/lncret~: ((1)x(2))
Differential Etcalatlon Rste (_S) Fsctor
DlscountsdDollar Decmase/]ncmase ((3)x(4))
of Fuel:
Annual lncrfIybecmtst (+J/lncmsc (-)
Cost perMBTU
Amual Oolltrhct=tase/lncrtasc ((1)1(2))
D~fftmntitl Escalation htt (_t)~actw
Discounted Dollar Lbcmse/lncrwse ((3)x(4))

97
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ECIP ECONOMIC ANALYS!5 SUMMARY

3.

Recurring Bewfit/Cost Dfffer$ntialOther Than Energy:
a. Annusl Labar De:rease (+)/InCr&aSe (-)
b. Annual P!ateri~]&cmase (+)/Jncwa5e “(.)
c. Other Annual Decrease (*)/ln:rt2se (-)
d. Totil costs
t. 10: Discount Factor
f. Dlscuunted Re:urring Cost (dx e)
Rp:urrlnS Energy Benefft/Cost$;
a.

b.

c.
.

d,

4,
s.
6,

cost Derwiu
. .

Annual %Ilar Oecmase/Incnase ((1 x(2))
IDifferential Escalation Rate &l Factor

Discounted Cbllar Decretsg/lncrtase(3)x(d]
Df fuel: E -r+ * ,-., ,,
Annual Iner& Decrease Y+) /increase (-)
Cost perMaTu
Annual Cbllar Wcrease/lncmase ((1 X(2))

1DlffercntialEscalation Rate (LS Factor
DiscountcCDollar k:rease/Incmase ((3)x(4)]
of fuel:

. . . .

Annual lnewy Decmse (+j/I~c~ase (.)
Cost pcrMBIU

-.

hnual ~llar Decmase/lncretse ((1)X(2))
DlfferentlalEscalation Rate (_S) factor
Dl_scount~dDollar Decmase/]ncmase ((3)x(4))
of Fuel:
Annual lnergy Decrease [+}/1ncmase (-)
Cost per MBTu
Annutl Dolltr &cr8tse/Incrttss ((l)x(2))
Difftmntlal Cscslttfon Rate ~t)Factor
Dftcounted kllor hcmase/lncmase ((3)x(4))

a’-—

74 -1

98
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HSn-recurring ln!ttal Capital Costs:
a. c~~

b. kslgn
c. ‘- ~lL.!.L-,r
d. Total

n Re:urrlng Benefft/Cost Dffferentlel Other Than Entrtw:L.

3.

4.
5.
:0

0:
9,
Id,

a. Annu~l Lebar “&crease (+)/Increase (-)
-.

b. Annutl thteritl Decrease (+)/Incmst ”(-)
Other Annual Decrease (+)/In:~hSe (-)

:: Tot81 costs
em 10: Discount Factor
f. DiscountedRe:urring Cost (dx e)
Re:urrin$ Energy Benefit/ksts:
am

b.

c.

d.

of Fuel: ,,?- 1 .-,$ \

Annual [ncr~h De:rease (+)/increase(-)
Cost pe~PSIU
Annual Cbllar Ot:mse/Incmase ((1 x(2))

1Dlfferentfal Es:alatlon Rate ~% Factor
Discounted klltrDecmtse/Increase(3)x(4)

Cast perMBTu
hnual blltr Decrease/I n:-ase ((1 X(2))

1Dffftrentfol E~calation Rate (LS Factor
Dis:ountet hllor De:rease/ln:mase ((3)x(4))
of Fuel:
Annu81 Inergy De:Wc$c (+) /lncmase (-)
Cost perMBTU
Amnual tbllar hcrtase/Incresse ((1):(2))
DlfferentfalEscalation Rtte (_S) Factor
~~~;;;;}ed Dollar Decmase/lncmsr ((3)x(4))

Annual lnergy becfiase (*J/l
Cost perMBTU

ncmase (-)

Mnuhl Dollar hc-#se/Incroasc ((1)X(2))
Dlffemnti~l Escalation hte (J)Factor
Dltcounted Cbllar Docmtse/lncrn#se ((3)x(4))

99



.
9

. .

m A-l

[CTP ECONOHIC ANALYSIS SUMMARY

20

3.

#

4.
s.
6.

;:
0.
10.

Recurrfn3 Benefit/CostDlfftrentialOther Than Energy:
a. Annual Labor kcrehse (+)/]nCre~Se (-)

b. Annual I!aterialDccrtase (+)/Incwaso ”(-)
Other Annual Decrease (+)/lncnase (-)

:: Totil costs
e. 10: D(seount Fa:tor
f. Discounted Re:urrfng Cost (da e)
Re:urrlng Eneray Benefit/Usts:
a.

b.

c.

d.

--

Cost per KB7iJ
. .

Annual kllar&cmase/Incwase ((1)x(2])
Differential Cscalttlon Rtte &S)Fector
Discounted Dollar Decn#se/Incnase (3)x(4)
of Fuel: se?+!.1+ ,
Annual ~ncrgy Decrease (+)/1 ncrease (-)
Ust perMBTU
Annual kllar tkcrease/Incmese ((1 X(2))

IDifferentialescalationmtt (ZS FactOr
Discounted bllmr De:rease/Incmase ((3)x(4))
of fuel:
Annual lne~y Decrwse + /lncma~ (-)
Cost perMBTU
hnu~l bll*r&cnase/Incresse ((l)x(2))
Dlfftrent~slE\cslatlon bte (_S) Factor
Df$counted ~ll~r~c~ase/lncraase ((3)x(4))
of Fuel:
Annual ~nem k crtase (*J/l ncmase (-)

--’

s’

Cost perHB7U
Annual ~llar Dtcraase/Increase((1)x(2))
Dlffemntlal [scalttfon Rmte (_S)Ftctor

:s

Discounted ~lltr Decmast/incqale ((3)x(4)) .-. .

Total tmffts [WI !f+3e\
. . Dlscountcd nerg Ben fits (3a(5)*3b(5)+3c(5)+3d(5))

OlscountedBmefit/Cott Ratio Line dtllnt Id)
1Tottl Annual En@rgy Savln s (3a l)+3b(l)+3c(l)+3d(l))

!WC Rstlo [Lfne 6 ~ Line a/1000)
Annual $ Savings 2d+3t(3)*3b(3)* 3c(3)+3d(J))

[Pty-bSCk Prrfod ( Lfne la o Salva9e)$Llne a)
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ECIp ECONOMICANALYSIS SUMMARY

LuJla

~m-rtcurrin; lnlttal cnpftal tists:

6. c~~

b. Design
c. --”J! L’:’ “-

TO:81
B~~l&TS
2. Kecurrln~ Bentfit/Cost Dffferentisl Other Thhn Energy:

a. Ann~al Labor Decrease (+)/InCre8Se (-)
b. hnual Piaterial Decnase (+)/lncnase”(-)
c. Other Annual Decrease (“)/lnCmase (-)
d. Total costs
e. 10: Discount Factor
f. Discounted Re:urring Cost (d s e)

3. Re:urrln; [ntrgy Bentflt/Costs:
a. Tfltof Fuel~ (.-,, ~.I

1

II

1 Annual Ener~b De:rease (+)/ln:rease(-)
2 Cost per HSTU
3 Annual tbllar &cmase/IncHase ((1 x(2))
4 IDifferential Escalation Rate &S Factor
5 Ditcountedbllar&:resse/increase (3)x(4)

b. 7 t of fuel: CIP..I.~l~.

IT

?,nnual~~~ Decrease (+)/1ncrease (-]
~ Ust per PWTU

h

3) Mnual Cbller CkcreasefIncmase ((1 X(2))
4 IDlfferentltl Escalation ~tt ( “ S Fsctor
S Discounted Cblltr Ck:rease/lncm~e ((3)x(4))

c. Type of Fuel:

II

Annual lnergy k:ncst (+)/1ncmase (-)
; Cost perMBTU
3 A~nual Cbllar Decrease/lncretse ([1)x(2))
4) Dlffertntlal Etcalatlon R#te (_S) ftct>r
5) Dfsc9unted kll#rhcwase/Incmasr ((3)x(4))

d. lp of Fuel:

II
Annual lnergy Decrease (+)/1ncmase (-)

2 Cost perMBTU

I
3 Annuol Dol18rhcn~st/Increase ((1)x(2))
4 Olffemntlol E\calttlon Rete (_S)Factor
5) Dltcounted hllarhcmse/lncmss? ((3)x(4))

S. Dlscountcd nerg
1$

Benefits (~(5) +3b(5)*3c(5)+3d(5))
4. lot-l Benefits SUP f+3e)
S. Discounted kntfit/Umt htlo

I
Lfne 4~Lfnt Id)

6. Tottl Annual Entrgy Sevln s (3# l)+3b(l )+Jc(~)+3d(l))
!7. E/C Ratio (Line 6+ Line s/1000)

0. Annual $ Savfngt 2d*3a(3)*3b(3)+ 3c(S)+~d(3))
19. Pay-back Period ( Line la - Salva~e)*Llnt 8)

10 , LIJr- C.?lc <c’..+ (L, L’\cJ~- >.r. z~ )

s ,=- .-./’

a-/

: “-
$ /- 26...

4
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----
Han-recurring Inltfal Cepltal Costs:

B~~~~]Ts
?-. Recurring t3eneflt/COst Dlfferentfsl Other Than Energy:

4. Annual Labar t4:r~:~e (+)/ln:rease (-)
b. Annutl hteria~ Decrrase (+)/Jncwase ”(-)

I C. Other Annual Decrease (+)/lncmase (-)
d. Tothl Costs
e. 102 Discount Fa:tor
f. Discounted Re:urring Cost (d x e)

3. Re:urring [nprgy Benefit/Cost$:
m. T~e of Fuel: 1=,,-I Q,!

II
1I Annual Ener~tiDe:rehse {+)/Increase(-)
2 Cost perKSTU
3 Annual Dollsr De:rease/Incmase ((1 I(2))
4 1Dlfferentfal Escalation Rate (&% Factor
5 Discounted DollarDecnase/Increase(3)x(4)

b. T e of Fuell

[7
#%%ra’~”{.]/lncrtasc (-)Annual ,ner~

~ Cost per PIBTU

II

3) Annual bllcr hcrease/Incmase ((1 X(2))
4 1.Dffferentlal[scelatfonhtt (~% Factor
5 DiscountedDollar Decrease/Increase((3)x(4))

c. Type of Fuel:
.

, II

1 Annual tne~y Decncse + /1 ncmase (-)
2 Cost perMBTU
3 Aanual bllar Decrease/Increase ((l)x(2))
4) Dlfferenttal f~calatlon Rate LS) Factor
5) Discountedkl; arDecmase/lncmtse ((3)x(4))

d. Type of Fuel:

II
Mnunl -tcnase (+)/Incmi:; (-)

; Cost perMBIU

I
3 Annual OollarDecwase/Increase ((1)x(2))
4 Dfffemntlal [scalstion Rate (_t)Ftctor
5) Discounted tbllarkcwse/lncmase ((3)x(4))

4. :~tal Ben@f~ts [SIflI;f+3e)
Discounted nerg Benefits (k(5) +3b(5)*3c(5b3d(5))

S. Dfscounttd&nefit/Cost Rst~o
I
Lfne 4~Lfnt Id)

6. ?ottl Annual [nefgy Savln s (3a l)+3b(l )+3c(l)+3d(l))
!7. UC Ratfo (Lfrw 6tLlne a/1000)

0. Mual $ S.avlags 2d*3a(3)*3b(3)+ 3c(3)+3d(3))
[9. ?ay-b~ck pcrfod ( Line la - Salvsge)$L~ne 8]

10 , L;{c-c.t\cla b+ (L-itIC Id ‘~-r- ~~ ) -2 4 ,1..,la q c &-
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~:~~FITs ‘-

2. ~ecurrin~ Befiefit/Cost Dffferentfal Other Than En#rgy:
a. Annual Lab2r &:rease (*)/l n:re&se (-)

b. Annual Material fkcmase (+)/Increase(-)
c. Other Annual Decrease (+)/Jn:rtase (-)
d. totil Costs
t. 10% Dfscount Fa:tor
f. DiscourAe5 Ue:urring Cost (d x e)

3. Re:urrfn: Ene’ay heneflt/Losts:

,
c. TyDe

~ p

1
2

:)
5)

d. Type

H
1
2

of Fupl: <-,,- +’.i

Annual [npr~, De:rease {*)/JnCrease{.)

Cost perP&TU
Annusl Dollar De:nase/]ncwase ((1 x(2))

1Differtntfal [ssalatlon Rate &S Factor
Discounted DollarDecnase/Jncreast(3)x(4)

I3) Annual bllarhcmcst/Incrtase ((1)x(2))
4) Diffenntlol ~scaltt~on Rxtt (_S)Factor
S) Dficounted Rtllar Ckcmst/Jncmatt ((3)x(4))

,,-, !



.
0

----
Han-&,;urrfng lnltlol Capttal Costs;

8. .

B~~~~ITs

2. Rtcurring Ehncflt/Cost DffferentltlOther Than Energy:
a. Annual Lab9r Ucrtasc (*)/]ncr’#se (-)
b. Annual P!aterialDecrease (+)/Jncm#so “(-)
C. Otb?i’ Annual Decrease (*)/lncmase (-)
d. Total costs
t. 102 Discount Fa:tor
f. Discounted Re:urring Cost (d s e)

3, Re:urring Energy Benefit/Costs:
a.

b.

cl
.

d,

--- .
of Fuel: F,,p( ~. , \

Annual ~nrr~~ De:rease (+)/incre&se(-)
Cost per PIJTU
AnnL”llDollar Decrease/Increase ((1 x(2))

IDifferentialEscalation RtRt ~S Factor
Ji\counted kllar&cm#se/Incmase(3)x(4)

Cost ptrtia~u
.- .-

Annual mllor Mcreast!incroast ((1 X(2))
1Dlffertnttol[scalatlonRat@ (ZS Factor

DiscountedbllsI &:rease/Incmtse ((3)x[~))
Of Fuel:

Annual lnergy Decrecse (+J/lnc~ (-)
Cest QrMBTU

!bnui ~llsr Wcmcse/lncrettt ((l)x(2))
OffferentlalCscalttlon ~te (_S) Factor
g;s;~;~ted Dollar Decmase/Jncmase ((3)x(4))

Annusl ineqy De crease (+)/1ncrws. (-)
Cost ptr MBTU
Annual Dollar Decwasc/Incr@ase ((1)x(2))
Dlfferwtlal Esctlttlon hte (_S)Factor
Discounted Dollar thcmest/Jncmse ((3)x(4))

4. Ietal Oenefltt [h Jf+3c\
., Df;eounttd rwrg Oen fltt (3a(S) *3b(5)*3c(S)+3d( S))



CCIP ECONOMIC ANALYSIS SUMMA~

b. kslgn
c. Z- ,1,.,,*

6. Tot&l
B[~~f115”-
2. ~~currlng Benefit/Cost Dlfferenttal Other Than Energy:

4. Annual ~abr h:rease (*)/Increase (-)
b. Annual Eaterial Decr?ase (+)/lncreasc’(-)
c. other Annual Decreast (*)/lncmase (-)
d. Total Costs
e. 10: Dlccount Factor

3.

.

4,
5.
6,

k
9.

Ic ,

f. DiscountedW:urring Cost (dx e)
Pr:urrlnG Energy Benefit/Costs:



ECTP [CO?IOMIC ANALYSIS SUMMARY

b. Dtsign
c.
d. Total

BI?iIrl’fs‘
2. Recurrfng Btntfft/Cost Dffftrentfal Qthtr?han Encr@y:

a, Annual ltb:~rh:rease (+)/Increase (-)
b. Annual 14att-ial ~cmase (+)/lncntso (-)
C. Other Annual Decrease (+)/lncmase (-)
d, Total Costt
t, ID: Cfscount Fa:tor
f. Discounted Re:urrin~ Cost (dx e)

3. Re:urrtng [nergy Benrfft/Usts:

,

b.

co

d,

106



c. -“11~’r~rlr
d. Total

B~~~~]Ts’-

2. Recurrl~S Benefft/Cost DlfferentlalOther Than Energy:
4. Annu~l Lab2r U:rease (+)/InereaSe(-)
b. Annutl Eattrial Otcmse (*)/lncmaso’(-)
c. Oth&r Annual Decrease (*)/lncwasQ (-)
d. TotJl costs
t. 10: Discount fa:tor

Discounted Re:urring Cost (dx t)
3, ~~:urrln: Fneroy Benefit/Costs:

c.
.

d,

II3-
4
5

Tfpe

II?345
?{pe

II2

:
5

Cust per Wiii
Annual Dollar ~cmase/lncwase ((1 x(2))

1Dlffere?titl Esztlatlon Rate (&S factor
Discounted kllar&:,nast/lnc~ase(3)x(4)
of Fuel: ~l~rl 1-$cl-l
Annual ~ner~ [increase (-)
Ust per P!BTu
A.nnuslCbllcr Utreasc/Incmase ((1 X(2))

1Dlfftrenttal escalation htt (AS Factor
Discounted hllor De:ra#se/Incmase ((3)x(4))
of Fuel:
Annual ~ne~y De:recst (+-)/1ncrws. (=)
Cost ~rHBTU

!Annue Dollsr~cmase/lncretse ((l)x(2))
Dfffepenttsl Escalttlon kate (_I) Factor
~;l;;;;ted blltrhcmatt/lncmtse ((3)a(4))

Annual Inemy be crease [+1/1 ncmsc (-)
Cost perMB7~
Annuel Dollar Dccmse/Incrtase ((1)s(2))
Dlffewntla? Escalation Rate (_S)FactoP
Dl~counted Donor Dwcrwsc/Jncmt~e ((3)x(4))

4, Tetal Deneffts [Ml \f+3ef
., Discounted ncrg #en fltt (A(5) +3b(5)+3c(5)+3d( 5))

S. Dfccounted B.enefit/CoitRatio Lfne 4~lfnt Id)
I6, Tottl Annual Energy Mvfngt (3s 1)+3B(I)+3c(I)+36(1))

7. E/C Ratfo (Line 6-? Line !a/1000)
1, Annu#l $Savlngs 2d+3a(3)+3b(3)*3c(3)+3d[3))

[9. Pu=bs:k Perfod ( Line It ● S.lvsgp)$llne d)

a“——
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l?ST5
‘l%m=~:urrin; lnittal Capital bsts:

8. ‘.
b. Design
c. =., L ~:i (’)Z
do Totcl

B:A’[FITS”
2. Re:urrinc Benefit/CostDffferenttal Other Than Energy:

8. Aanu~l L#bar U:rease (*)/]nCr8aEt (-)
b. Ann#al Paterisl h:masc (*)/Jncmaso’(-)
C. Other Annual Decrease (+)/lncnasc (-)
d. Tottl Costs
t. 10: D4scount Fa:tor

Dl$countcd Re:urring Cost (d x e)
3, :~:urrlnf [nc~gy Benefit/bsts:

J. Tre of Futl: =,,11 ~,, I

11

Annual [ntr~ Ue:rease (*)/ln:ma~e(=)
2

.
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[CJ9 ECONOMIC ANALYSIS SUMMAPY

c.
d. Tat&l

g~~~~zls”’-‘-
2. R~currlng Bernftt/LostDlffewntlal Other Than Energy:

t. Annual Lahr h:rttse (+)/lncre#se (-)
b. Annutl Material mcmase (*)/lncmasc “(-)
c. Other Annutl Decreasr (*)/increase (-)
d. Tottl Costt
t. 10: Discount ft:tor
f. Dfscountet Re:urrfngCest (d x e)

3. Re:urrinc fncro~Beneflt/ksts:

b.

c.
.

d.

--
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.
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b.

co

d.
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~cr~ [[ONOHIC ANALYSIS SUMMARY

tconomlc

s

BItiIFJls ’
2. Recurrin~ Btrwfit/CostDtfferentftl Other Than En:ruy:

a. Annutl Ltb3r Mcretse (+)/]nCrctse (o]

b, Annual Haterial kcmase (*)/Incnase ‘(-)
c, Other Annuil 0ecre4se (+)/JnCmaSe (-)
u, Totol Cbsts
t. 10: Dtscount Fa:tor
f, Dlscountt: Re:urrfnB tBst (6 XC)

3. Re:urrln; Ene’gyBeneflt/Costs:

Type of Fuel:
. . . . . .

, “ (1) Mmual hem De :rtcse (+)/ Incmtte (-)

7 -L
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4.

b.

reite ((1)x(2))
te (_S)ft:tor
/Incrotie ((3)x(4))
s)tJti(5)*3c(5)+ 3d(5‘))

●�✍



E:~[F]T5

2. Re:urrin; Benefit/Cost Dtfferentfal Other Than intrgy:
B. kr:.~1 Lab>r G?:reasc {+!(]n:red$c (-)

b. h~~tl Kateriai Dt:mase (+)/lncmate’(-)
OtP,erAnnuel 5e:reese (*)/ln:wase (-)

:: Totil costs
to IO: Dis:oun: Fa:tor
f. D!s:our:e< Re:urrin; Cast (C a e)

3. Fe:urrfn: [rlt”s!Berlcflt/bs%S:

Us! per na7u
h)nual klltr De:rtese/In:nO%e ((1 X(2))

1Dlffcrentfalfscalt:lon Ratt (LS Fa:tor
Dlt:our:et klltr Dc:rease/ln:rtase((3)x(4))

(-)
CoLt perM31U
Anntihlhllar Dt:rease/ln:rt#se((1)1(2))
Dlfftptrt{sl Es:alttlon Rxtt (,-S) Ftctor
Dl}cou5tcd Gollar C4:ma$e/Incmase ([3)x(4))
of Fuel:
Annutl lne~y b:ntLe (+)/1ncmsst (-)

[

4j
5)

d. lY2t

-fl U3TIJ

:=

M;TU

:3



a.

b.

t,
.

d.

T)-Je

II;13
4
5

It

[!;

II

3)
4
5

—.

-4 mTLl
L21f, /1’!:lu

: ‘-l? /Yr,
.z-
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b. Des!gn
c. =., . .. . ,-
d. 10:01
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2.

3.

#

4*
s,
6,

Re:urrfn~ Bencflt/Cost DlfferentlalOther Than Entrgy:
a. Annu~l LBbar b:reasc (*)/ln:rease (-)
b. Annual P,aterislbe:mase (+)/lncwitc’(-)

Other Annual De:rease (*)/Jn:mase (-)
:: Total costs
t. 10; D4s:ount Fh:tor
f. Dis:oufite<ke:urrin3 C~st (CX e)
Ee:urrfn; [ne’ay Bcneflt/Gosts:-.

‘ h3)
4
5

d. ?Y;l

II
i’
2
3)
4)

/47 mu

:-

$-2: Ic,m



LUJ la

T’7hn-rt:urrfn; lnltfal CBpltBl bsts;
8, ‘.
b. hsfgn
c. SGm ‘~

Tot41 -
B:&~~S
2. Recurr{ng Bentflt/Cost Dlfferentftl Othrr Than Energy:

a. Annual Lab2r Oe:rea$t (*)/]nCrthSC (-)
b. Annual Eaterial Dtcna Jr (+)/]ntr%a10 ”(”)
c, Other Annuol De:reast (*)/]nK_~SC (-)
do Total Costt
e. 10: Dftcount Fa:tor

3,

.

4,
5.
6.

::
9.
10

f, Dfscounte: Rc:urring Cost (d x c)
Rr:urrln; [ne’gy Benefit/C.ostt:

Hi2



b. Oeeign
t. -x ~tfic,~

d. Total
h

B~N[~]lsc

2. Recurr(ng Bentfft/CostD{fferentlalOther ?han Energy:
4. Annual Lab>r Ot:rtase (*)/lncreast (o)
b. Annual P!aterialCkcrtase (*)/lncmaio ”(-)
C. Othtr Annual Decreast (*)/lncrt#se(=)
d. Total Costs
t. 10: Dfscount Fa:tor

D~}counttcRt:urrin~ Cost (d s t)
3. ii:u;;~;; ~n~”gy Btntflt/Costs:

4.

b,

H12
II3-
4
5

Cost trW7U
\Anm hllar hGrtats/Incresse ( 1)X(2))

IDlffartnttal[tcolatfon Ratt (_s Foctor
Dlscounttdkllsr~cmate/lncmaso ((3)x(4))
of Futl:
Annual lno~j C4cmast (+]/1ncmst (-)
Colt Btr MB7U
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B;tiLF]Ts’
2. Recurrfn3 Benefit/Cost Dlfferentlal Other Than Encrsy:

a. Annual Lhbar tk”rease (+)/Increase (-)
~. Annutl Rater!al Decnase (+)/l ncreas8 ”(-)

Other Annual Decrease (*)/Increase (-)
d: Totil costs
t, 102 Discount Fa:tor

DiscDuntetRe:urrin~Cost (dx ?)
3. l;:urr{n; [ne-g.vBentf!t/Lostt:

b.

c.
,

d,

Colt per Wiu
An~Ual hllar Oe:rt~le/lncmase ((1 x(2))

\DlfferentlalEs:tlatlon Rate ~S Factor
Discounted Cmllar Dt:ntse/1ncreast(3)x(4)
of Fuel:
Annual ~ntr~v Decrtakc (+]71ncraast (-)
cot: ptrmalu
AnntinlCkllar De:rease/lncrtast((1 X(2))
D~ffertntlalEsctlttlonhtc (_ IS Factor
Dfs:ounte: bllar Ck:rahse/lncmase ((3)1(4))
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ECIP ECONOHIC ANALYSIS SUHHARY

2.

3.

4,

~:

0:
v.
10 .

tiecurrlngBenrflt/CostDifftrentltlOther Than Entrgy:
9. Annu#l Lab>r Cb:rea$t (+)/Incretce (-)
b. Annual hterftl btcmast (+)/J ncrta~o ”(-)
c. Othtr Annutl Dccreast (+)/lncmast (-)
do Total costs
t. 10: Discount Fo:tor
f. Dlscountt~ Re:urring Cost (d x t)
Re:urrins [nt~oy Btntflt/Losts:
4.

b.

co

d,

-.

of :Utl:
Annusl Incny D@crQatt (+Jilncrwse (o)
Cost pcr MBTu
Annuol Dollar hcrwst/Incrot @ ((l)x(2))
Dlffewntftl Esctlotlon ht~ L t)ractor
Dlicountcd Dollar Dtcmatt/!ncfwlc ((3)8(4))



b, C4sign
c. -;’’”’~.

Tot&l
‘:~

d.

- J! ,...4L——


